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PREFACE TO THE SECOND REVISED EDITION. 



Thti grutiTjing buccbks auhieyed by tbo first edition of tliia book 
BHeras til make it mideeitTiltle, in rtivising it, to alter materially its gen- 
eral |i1hii. Ill tbis edition, therafeiro, tliQ framework hna been allowed 
to remain in Biucli the Bunie form aa lliut in which it was originully 
construeted. Several important changes of detail will be noticed, 
however, among which we may aspeciully mention the following: In 
ihu first place, Iho wide-reaching feneralisation of Mendel^eff, known 
as the periodio law, has been adopted thruugliuut. In tlie earlier por- 
tion of the book the law itself haa boon diecnssod and illtutrated at 
ionic length. And in the later portions its classifi cations have been 
made am of in arranf^ing tlie elements fur the purposes of study, and 
the marvelous predicting po«er of the law with reference to the 
pniperties of the elements has been constantly kept in view. In the 
second place, the relatiuus of the laws of Thermochemictry to the 
chcminiil changes in matter, and the importance of these laws in the 
elucidation of chemical phenomena, have been clearly set forth in the 
present edition, and the intimate connection between matt«r-chunge^ 
and energy-changes in general bas been made emphatic. A third 
change has been made, which is perhaps a little more radical. It 
is the substitution of the word "mass" iur "weight," in the terms 
"atomic weight" and "molecular weight." The word "mass "in mod- 
ern physics always means a quantity of matter, precisely as the word 
"weight" always moans n quantity of force. And the use of those 
terms with these exact meanings has been productive of so much 
dearer thought in physics as to leave no doubt that a similar advan- 
tc^e will accrue to Chemistry troni a similar usu. True, mass in fact 
Is dotarmhied by weighing; but mass is not weight, and the funda- 
mantal idea of mass is utterly unlike that which attaches to weight. 
Of course it will not bo claimed tbat the term "atomic weight" means 
the earth's attraction on su atom, since in that case it would be absurd 
In speak iif the atomic weight of hydrogen as having the same viiliie 
on the fixed tUr^ un on Iho earth. The fact seems to he tbat the 
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term "atomic weight" is already tacitly used in the sense of "atomic 
mass ;" i. e., as meaning the quantity of matter which goes to make 
up an atom. Thus for example, Muir says in his Thermo-chemistry : 
" The maximum atomic weight of an element is the smallest mass, 
in terms of hydrogen as unity, of that element in a molecule of any 
compound thereof." But it is precisely this use of the word " weight " 
which seems unfortunate and which it is one of the purposes of this 
book to avoid. To use the word " weight " in the sense of " mass " is 
to introduce a vagueness of statement into the language of science 
which in its effect must be far more prejudicial to exact expression 
than can ever be the slight embarrassment which rises from the use 
of the new terms " atomic mass " and " molecular mass " until chem- 
ibts shall have become accustomed to them. Moreover it will be 
observed, I think, that in the following pages these terms fall into 
place very naturally, and thus bring the terminology of chemistry 
into entire accord with that of the rest of the physical domain. 

Lastly, in the present edition the book has been thoroughly revised 
and brought up to date; the newer discoveries in physical chemistry, 
such for example as the liquefaction and solidification of the gases, 
being recorded from the data of the latest experiments. While there- 
fore a considerable amount of new matter has been added, the size of 
the book has not been materially increased. This is important, since 
in the author's judgment the text-book should contain no more matter 
than the student may be required to master; leaving to the instructor 
the task of amplifying, explaining, and illustrating the text. Rep- 
resenting as this book does one of the modern educational methods 
which in the hands of the author has been found to produce most 
satisfactory results, the new edition is offered in the hope that this 
method may continue to be successful and these results continue to 
be attained by those of his fellow teachers who are striving for a high 
standard of excellence in scientific education. 

Philadelphia, January, 1891. 



PREFACE TO THE FIRST EDITION. 



Within the ptut ten years Cheniii;n1 science lius undergone a 
mnrkable revolutiuti. The changes which have so entirely altered 
the aspect of the science, however, nre not, as aome aeem to suppose, : 
changes merely in tlje names and formulas of chemical compciunds; | 
fcr in this the suience is but returning to principles long ago estab- 
lished b; Beriteliiis. Tliey are changes which hnve had tbeir origin I 
in the discovery, first, that each element has a Uied and definite ci 
bining power or equivnlence; and second, that in a chemical ci 
pound the armngeiuent of the atoms is of quite as much importance 1 
as their kind or number. The divbion of the eleuieiits into group), J 
according to tlie Ihw of equivalence, necessitated a revimon, and ia J 
some casea an alteration, of tbeir atomic weights; while, in obediel 
tu the second law, molecular formulas were reconstructed so as 
express this atomic arrangement. The importance of these laws ( 
not be overestimated. By the former, all the compounds formed by ] 
any element maybe with certainty predicted; by the latter, all the I 
modes of atomic grouping may be foreseen, and the possible isor 
of any substance be p re-determined. Instesd. therefore, of being ft 1 
heterogeneous collection of fHcts, Oliemistry hua now become a true f 
science, based upon a sound philosophy. 

The Hrst part of this book is intended to be an elementary treatise - 
upon Theoretical Cheiuistry. It aims to present the principles of the | 
science as they are held by the beat chemists of the day upon a 
plan of treatment which the author has found simple and satisfactory 
in his own teaching. In studying it, it is desirable that the student 
commit to memory the portions given in large type, while the exam- 
ples given in small type he may recite In his own language. These, 
it must be remembered, are to be e::tended by the teacher until the 
principles they illustrate are elosr tii every mind. The questions and 
exercises printed at the end of each chapter are intended to bo sug- 
gestive ratlier than exhaustive; tbeee. therefore, ahould be amplified 
by the teacher ul his discretion. By means of the table i>ii pitge 19, 
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the class should be thoroughly drilled in the rules of naming chem- 
ical compounds; and by this table, used in connection with those on 
pages 16 and 21, a very thorough drill in chemical notation may be 
secured. 

The second part of the book contains the facts of Inorganic Chem- 
istry, arranged systematically under appropriate heads. To as great 
an extent as seemed desirable, theory has been applied to explain the 
formation and properties of compounds. The unsatisfactory classifi- 
cation of the elements into metals and metalloids is discarded, and 
they are arranged electro-chemically, from negative to positive. The 
problems given in the exercises should be conscientiously worked out 
by the student. The metric system of weights and measures, and the 
centigrade scale of therm ometric degrees is used throughout the book. 
Tables in the Appendix show the relation of these measurements to 
those of our ordinarv standards. 

The entire book, it is believed, is a fair representation of the present 
state of Chemical science. If much appears in it that is novel, much 
more has been omitted because unsuited to a strictly elementary 
book. 

In conclusion, this text-book is offered as a contribution toward 
making science disciplinary as well as instructive. If it be true that 
Chemistry already excels in training the powers of perception and of 
memory, it is unquestionably true that this science is capable of devel- 
oping the reasoning faculties also. The present attempt to make it 
available for this purpose, therefore, may fairly ask to be judged, not 
in the light of its shortcomings alone, but also by the desirability of 
the end at which it aims. 

New Haven, October, 1870. 
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THEORETICAL CHEMISTRY. 



CHAPTER FIRST. 

INTRODUCTION. 

§ 1. Physical and Chemical Properties of Matter. 

1. Natural and Physical Science. — Science is system- 
atized knowledge of nature. It is commonly divided into 
Natural and Physical Science. 

Natural Science considers the external form and the 
internal arrangement or structure of naturaLobjects. ^ 

Physical Science concerns"; itself with the matter, of 
which these objects are made upjand with the ei^ergy-cllange^^ 
which this matter may undergo]* " \ 

Examples. — Geology, Mineralogy, Botany, and . Zoology, which 
treat of the form and structure of the earth, of minerals, of plants, 
and of animals, respectively, are called Natural Sciences. 

Physics and Chemistry, which study the properties of piatter 
itself, whether hard or soft, heavy or light, combustible or non-com- 
bustible, are called Physical Sciences. 

2. In studying: Matter, Physical Science considers : 
1st. The divisions of which it is capable. • 

2d. The attractions by which the divided particles are 
held together. 

3d. The motions which these particles may have,. 

(1) 



2 THEORETICAL CHEMISTRY. 

3. Divisions of Matter. — Three divisions of matter are 
recognized in science : masses, molecules, and atoms. 

A Mass of matter is any portion of matter appreciable by 
the senses. 

A Molecule is the smallest particle of matter into which a 
body can be divided withoiit losing its identity. 

An Atom is the still smaller particle produced by the 
division of a molecule. 

Examples. — The sun and the sand-grain are equally masses of 
matter. The smallest particles of sugar or of salt which can exhibit 
the properties of these substances, respectively, are molecules of sugar 
or of salt. The still more minute particles of carbon, of hydrogen, and 
of oxygen which make up the molecule of sugar, or those of chlorine 
and of sodium which compose the molecule of salt, are atoms. 

A mass of matter is made up of molecules, and a molecule 
itself is composed of atoms. 

Mass and Density. — The term mass is also used to in- 
dicate the quantity of matter in a body expressed in grams. 
Absolute density is the mass of unit volume — i. e., the 
number of grams in one cubic centimeter of a substance. 
Relative density is the ratio of the mass of unit volume of 
a given substance to the mass of unit volume of some stand- 
ard. This, in the case of solids and liquids, is water ; and 
in the case of gases, is hydrogen. Since one cubic centime- 
ter of water has the mass of one gram, the absolute density 
of a solid or liquid is represented by the same number as the 
relative density. The specific gravity of a gas is referred to 
air as unity. 

> 4. Attractions of Matter. — The forms of matter-attrac- 
tion admitted in science are three in number : 

Ist. That form of attraction which is exerted between 
masses of matter, called gfravitation. 

2d. That which binds molecules together, called cohe- 
sion. When the molecules are unlike, it is frequently called 
adhesion. 
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3.1. That wliicli lakf, 
ickI attrafitiiin 

ExAMPi.KH.— The plniiol 
III tliu enrLli by the nltrHrl 
nr of Hklt Hre Lold togi;t1ii 
or in gunpowder which an 
gather by adhexion 



[ilui'L' betkvetu ahims, eulkil ciiem- 

are linld t.i the sun utid thu pebble is held 
•n of graeitatlim. The nii'leuules «r gold 
■ by cohenicB attriietion ; tbuae in granite 

unliks aiii somoliincx suid ti> be held t»- 
whii'h juaku up a moloouie of gold o 
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ited by R/ii^wioiI a 
ilsoir, however, is unknown. 

Like moleciilej* when united by coheuiau, form hfmiogene- 
oufl matter; unlike molecules when thus united, fiiriii hete- 
rfigeneous niatler. There are an many kiuils of i]H)le<'iilefi an 
there are kinds of honingeneous matter. 

5. Motions of Mitttnr. — Three kinds of motion are 
reeognizetl in seicuee : 

tst. Maes motion, or visible mechanieal motion. 

2d. Molecular motion, tir the motion of the nuilcctilefi 
within the maw-, which is ctinimonly called Heat, 

3d. Atomic motion, or ihe motion upon which n^ici'lnim 
analysis is assumed to real. 

6. Ppovince of Physics.— Physics is that de|iartment 
of Physical Science which stiiilies the results wliieh flow from 
the molar and molecular conditions of matter. 

ExAMPLBS.^Wrii?*;, which ia a consequeneo of niaBs-attrnetion, 
and impncf. which is a result of muss- mot iuii ; tenoeity, liitnlneia, and 
elatlidii/, which depend upon ouhosion ; and soliitiuii, eapiUarUi/, und 
di^uaioit, wliich result fnini adhesion; and the phoUDnienn of heal, 
which is a nioleculiir iiic)tion, nro all objects of Physical study and 
irivestigatiuti. \ 

7. Province of Chemlatry. — Chemistry,' ou the other 
hand, etuilies matter in its atomic ermdiliim. Its province is 
to account for the differencea observed in the yiirious kinds 
of homogeneous matter, and to investigate the'clianges in its 
identity which this matter may nndergo. 

S. Pliyslcal mill Clirniioal chiinKes. — Physical cliangca 
in mutter are those which take place outside the juolecule. 



^ \ 




4 THEOltETTCAL CHEMISTRY, 

They do not affect the molecule itself, and therefore do not 

alter the identity of the matter operated on. 

Chemical changes take place within the molecule. They 

alter the character of the molecule, and hence cause a change 

in the identity of the matter itself. 

Examples. — Water, which is a liquid, may change to ice, a solid, 
or become steam, a gas. In all these forms, however, the molecule is 
identically the same ; these changes are therefore 7>Aysica^. But when 
water is subjected to the influence of electricity, it undergoes a more 
radical change ; the water disappears, and in its place appear two gas- 
eous substances, oxygen and hydrogen, with entirely unlike molecules, 
and hence with entirely different properties from the water in either 
of its physical states. Such a change as this is a chemical change. 

Any change in matter which destroys the identity of the 
substance acted on, is a chemical change. All others are 
physical changes. 

9. Physical and Chemical Properties. — Physical prop- 
erties are those which bodies possess in virtue of their molar 
or molecular condition. Chemical properties are those which 
are a result of the atomic composition of the molecule. 

Examples. — Specific weight, the attraction of the earth's mass for 
the unit of volume of any body; te7iacityy which measures tlie 
strength of cohesive attraction ; coloVy a result of the action of the 
molecules of a body upon light; physical state, depending upon the 
character of the molecular motion. These are examples of physical 
properties. 

CombustiJnlityf explosibilityy capability of union with and of action 
upon other bodies, are exami)les of chemical properties. 

10. Differences in Molecules. — Molecules differ from 
each other because the atoms of which th^y are composed are 
different. This difference may be : 

1st. In kind. 

2d. In number. 

3d. In relative position. 

ExAMPLKR.— A molecule of salt, made up of atoms of clilorine and 
of sodium, differs from a molQcul<^ of water, composed of oxygen and 
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of liydroEori Btuins. bp<>num the kind of atonia in eHi-1i moWulu it iliC. 
lerviil. A fiinlecule of cniTOBive B.|ibHmiil« snd one of PuUmiel iirp vitj 
di»tiiict bodies, tl]ou);li Ixitli are -cctmpiwed iif nloiiis of inuivury Hiid 
of I'lilurinei tlie foniii^r I'litjUiiriing onl; lialf rb iiiuii; morcury Htoms 
BS tlie liilter to the shuiu (juiuititj of cliliiriiKs ; the differeiiPB in tills 
casi' lieiiig due to tlie uumber of tbi; couiponoiil utoitia. Methjl ellier 
>uid othyl alcohol, sulMtanvax o'bviijuely dlft'eruiit, mnUiii in Uidr 
ni(iliH:u1w, Dot only carbon, oxygen and bydriigen iitotiis, but pre- 
ciBoly ibe flame nmiibor of cul-Ii ; the differeiioes in tliese Piibslnni'cs, 
therefore, can Iw due only U> a difference in Ibe retaiwt jioeiiioii of 
tbu.ie iitouis ill the molecule of encb substuiioo. 

11. Chemistry I><>ftiiptl. — Ohemietry le that branch 
of Physical Science which treats of the atomic compo- 
eition of bodies, and of those changes in matter which 
result from an alteration in the kind, the number, or 
the relative position of the atoms which compose the 
molecule. 

TABULAR UECAI'ITITLATION. 
Seiencci. Divinions. Attrnitlions. Moliam. 

5C3 GLTiviUiti'in Kioellc Biieri;y. 

f Cohesion 
■tules J Uent. 

I Adhesion 
Chemistry Alonis Chi-miBoi Atomic Vibration, 

13. Mdtter and Enei^j — (.hangew in matter necen- 
Barily involvfi clmnges in the energy witli which the matter 
is aeeociatt'd. Hence, although in general the (.onsideration 
of energy-traneformutioDS lielongs tiiPh>oicB let snue purely 
cheniieal ehuiigcs, Kuch ok combuatiou ami the lilce inviilve 
these trans format inns, it is evideut that any ettidy nf chem- 
ical phenomena which loavee them out of tlie account would 
bo incfjniplete. The most important energy-relations, in the 
chemical iwnfte, are those which involve the absorpliou and 
the evolution of lient, auil -which constitute, therelure, the 
department of TlicniioH'heniistry, 
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Examples. — When carbon burns, the amount of heat set free is 
perfectly definite. Calling the quantity of heat required to raise the 
temperature of one gram of water from 0° to 1° a unit of heat, we 
find that one gram of carbon in burning produces 8080 units of heat. 
Conversely, to separate one gram of carbon from its combuslion-prod- 
uct, requires the absorption of 8080 heat-units. Again, if one gram 
of zinc be dissolved in sulphuric acid, 1670 units of heat are set free. 
But if the solution take place in a voltaic cell, the evolved energy 
takes the form of an electric current ; 2973 coulombs being set free 
for each gram of zinc dissolved. 

-ffither-energy. — But besides the energy resident in mat- 
ter proper, the lether itself is a store-house of energy. Light 
is SBther-vibration ; electric attraction and repulsion are forms 
of aether-stress ; electric currents are due to aether-flow, and 
magnetism is sether vortex-motion. 

13. Physical States of Matter. — According to the tem- 
perature, matter exists in one or another of three distinct 
physical states, called, respectively, the solid, the liquid, and 
the gaseous states. There is good reason to believe that at a 
sufficiently high temperature all substances would be gaseous ; 
and at a sufficiently low temperature, all would be solid. 
The point of temperature at which a solid becomes a liquid is 
called its melting" point ; and that point at which, under the 
pressure of the atmosphere, a liquid becomes a gas or vapor 
is called its boiling point. The number of units of heat 
required to convert unit mass of a solid into a liquid is 
called its heat of liquefaction ; and the number required to 
convert unit mass of a liquid into gas or vapor, its heat of 
vaporization. The fraction of a unit of heat required to 
raise the temperature of unit mass of any substance from 0° 
to 1 ° is called its specific heat. 

Examples. — Water cooled to 0° becomes ice, and heated to 100° 
is converted into steam ; hence, 0° is said to be the melting point of 
ice, and 100° the boiling point of water. When one gram of ice is 
melted, 80 units of heat are absorbed in the process; and, conversely, 
when one gram of water is frozen, 80 heat-units are set free. When 
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on^grBm of water at 100= is coTurerted into steam at 100°, heat ci 
Bpoodiiig to &3S units must be supplied tu it; and wlien tlie one gram J 
of steum is again condensed, the 536 heat-units are again set free. | 
One unit of heat will rniao the temperature of thirty units of maBB of 
mercury — i. e., thirtj griims — from 0° to 1°. Hence, it will require 
oue thirtieth of a heat-uiiit to raise one gram from 0° to 1°. One 
thirtieth, or 0-033, therefore, in the ap<eijic heaf of mercury. 

14. Critical Temperature and PreBsnre. — PhysicB 1 
teaches ub that at the boiliug point the pressure of a vapor I 
exactly balances the pressure on its liquid ; and heDce, that J 
the boiling point is higher as this pressure is greater. By I 
Boyle's law, the density of a vapor subjected to preeeure J 
steadily increases, and ultimately becomes equal t« that of ] 
it« liquid. Now, Andrews has shown, on the other hand, 
tliat no amount of pressure will liquefy a gas unless the tem- , 
perature at the same time is below a fixed point, which is \ 
called the crltioal temperature. The critical temperature 1 
is, therefore, the lowest temperature which permits the vapor J 
to acquire the density of the liquid without condensation. 
The pressure at which this takes place, the temperature j 
being the critical temperature, is called the oritical press- 
ure. It is the preeeure required to liquefy a gas at the crit- 
ical temperature. At the critical point the gaseous and A 
liquid states are indistinguishable fii)ra each other. Andrews -1 
concludes that the one passes by insensible gradations into ] 
the other, and is continuous with it. 

Examples.— The boiling point of water is taken at 100°, because I 
at this temperature its vnpor-pres?ure is 760 niilliiuutci-?, the a 
pheric pressure. If, however, the pTessure on the liijuid bo increased ] 
to let! atmospheres, the boiling point will ri»e to 205°. At a 
of 195*6 stmoapherea. at 370°, wslcr vapor and liquid water 
same density. This pressure and tbis temperature are, therefore, the I 
fnlical preiavre and temperolm-e for water. The critical temperatura I 
and pressure for ammonia are 130° and 116 atmospheresj for auety- 
knc, 37" and 68 atmospheres; for ethylene, 10-1° and 61 atmospheretij , 
for marsh-gati, — 81-8" and 549 atmoaphores; for oiygen, — 118° and J 
60 utniosphereB. 
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EXERCISES. 

1. What is science? 

2. How is natural distinguished from physical science? 
8. Under which head would astronomy be classed? 

4. Is physiology a natural or a physical science? 
6. What are the divisions of matter? 

6. Define a molecule of water. 

7. What is meant by the mass of a body? What is relative 
density? 

8. Define gravitation, cohesion, chemism. 

9. What is the difference between homogeneous and heterogene- 
ous matter? 

10. Define mechanical motion, heat. 

11. Are the atoms of bodies in motion? 

12. What are the objects of physical study? Illustrate. 

13. What is the province of chemistry? 

14. Is the explosion of gunpowder a physical or a chemical change? 
16. How are physical properties distinguished from chemical? 

16. Why is weight a physical property? 

17. Why is combustion a chemical phenomenon? 

18. In what ways may molecules differ from each other? 

19. Why do water and calomel differ from each other? 

20. Give the definition of chemistry. 

21. What phenomena accompany chemical changes? Illustrate 

22. In what three physical states does matter exist? To what are 
they due? 

23. Define melting point, heat of vaporization, specific heat. 

24. What is the critical temperature of a gas? Illustrate. 
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CLASSIFICATION OF MOLECULES. 



CHAPTER SECOND. 



ELEMENTAL MOLECULES AND ATOMS. 



5 1, Molecules in Genei 



IS, Chemical I>efliiItion of M<)lceule> — A moleoule \ 

18 a group of atoms united by clieiuiHiu. It ia the Bninllest | 
particle of any Bubetauce which existe in a free or unci 
bined state in nature. 

10. Analysis and Syntliesis.^The chemist asccrtnina 
the composition of molecules by two methods : 

let. By analyBis, which couaista in separating the mole- j 
cule into its con^titucut atoms. 

2d. By synthesis, which consists in putting together the-] 
constituent atoms tu form the itiolci^ulc. 

17. Claatilfication of Moleculvs. — Molecules arc di- 
vided into two claaaes : 

l^t. Elemental molectiles, in which the atoiiiB are alike. 

2d. Compound, molecules, in which the atoius are uu- 
like. 

Matter made up of molecules containing like atoms is | 
called simple or elementary matter; matter whose in( 
cules are made up of dissimilar atoms is called oompound 
matter. 

BXAMPLKa.— A mass of imn, of chartunl, i.r of aulpliur, U formed 
of molecules wliiige ntiinis Hro nlike; these HubsbmcuB. tlierofore, are 
examples of timple ur eUtnmtiiri/ juatter. The ni»1eculea irliich com- 
pose H mass uf {;1(iBg, I'f ninrlilo, or nf water, »rv mude up of diesiniilur 
ttums; lliesD Buhstanees are ennniples of eumpoiotd matter. To tlia 
WVtiT ctau l>y fur tliu larger minilwr uf aiil>stiiiin!s buliitig. 
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§2. Elemental Molecules. 

18. Mode of distingruisliing: Elemental from Com- 
pound Molecules. — Elemental molecules may be distin- 
guished from those which are compound by causing a re- 
arrangement of the atoms between two similar molecules. 
Elemental molecules, under this treatment, yield no new 
kinds of matter ; compound molecules yield elemental mole- 
cules, which, of course, are different in kind. 

Examples. — Let aa and aa be two molecules, each composed of 
the similar atoms a; then by re-arrangement na and aa will be pro- 
duced, differing not at all from the original molecules. If, however, 
the molecules be ab and o6, composed of dissimiliir atoms, then by 
re-arrangement aa and bb are produced, both elemental molecules. So, 
ac and ac would give aa and cc; bd and bd^ bb and dd. 

From simple matter only simple matter comes ; but from 
compound matter simple matter is obtained. 

Silver, oxygen, copper, yield in this way only silver, oxygen, cop- 
per. But salt gives chlorine and sodium, water gives oxygen and 
hydrogen, blende gives zinc and sulphur by this re-arrangement. 

19. Number of Elemental Molecules. — By effecting 
this re-arrangement with the molecules of all the various 
kinds of homogeneous matter known, the number of differ- 
ent elemental molecules has been ascertained. This number 
is probably about seventy. Moreover, since every distinct 
elemental molecule is made up of atoms peculiar to itself, it 
is obvious that the number of different kinds of atoms must 
be about seventy also. 

This is the number at present known. Should some new molecule 
of compound matter be examined hereafter, or should some molecules 
not now supposed compound be proved to be so, others might be 
added to tlie list. 

Of these seventy kinds of atoms all molecules, and there- 
fore all masses of matter, are made up. 
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20. IVIi-ta- elements. — R«ceat researchee have rendered 
uncertain tUe criteria hitherto adopted for elementary bodtee, 
and ID coneeqiience have I'cndtTed doubtful the number of 
the elements. A study of the absorption-spectra of dJdym- 
iiim has shown that this substance is capable of resolution 
into nine separate components ; and yttrium, by proper treat- 
ment, may be made to yield five or sis constituents, each 
giving a different phosphorescent spectrum, Crookes con- 
cludes, therefore, that substances like didyraiiun, yttrium, 
^mai-ium, gadolinium, and mosandruin, for exampJe, are 
not actual chemical elements, as they have hitherto been 
assumed to be, but are compounded of certain simpler bodies, 
which he calls, provisionally, meta- elements. Besides these, 
decipium, philippium, holniinni, thulium, dysprosium, terbi- 
um, and gnomium are yet classed as doubtful. 

21. Names of Elemental Molecules jind Atonu. — 
Both the elemental molecules and their constituent atoms 
have the eanie name. In many cases tliis name is the one by 
which the simple substance is familiarly known. But in 
general the name is given by the discoverer, either in allu- 
sion to some B^iecial property of the b'ldy or to its origin or 
association. In a few instances the names are fancifuL 

ExAMPLKH.— The linn 
which muke up the uinEs 
Tbia name, like tliat of li 



1 gold is applied equally to the molerulee 
III] to the aturtiH which form the molecule. 
,d, tin, or iron, is the name of the aubatance 



in 

Chlorine, n greenieb-yellow gaa, gets its name from x^"!^i greenish- 
yellow. Hydrogen conies from tdup, water, and yenvu, I pri'ducu, 
bocniue it genemtes water by its combustion. Caluium comes from 
calx, lime, because it is obtained from that substance. Ctesiuni ia 
from ctwriiM, sky-blue, becausa there are two bright blue lines in its 
spectmm. Cerium, palladium, nnd uninium are named from the cor- 
responding planets. And titanium and tuntulum from mythological 
deities, 

(A list of the simple substances now known, with the derivation of 
tlieir names and the names of thoir discoverers, is given in the ap- 
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22. Size and Mass of Elemental Molecules. — Ac- 
cording to the law of Avogadro (1811) or Ampere (1814), 
equal volumes of all substances in the gaseous state contain 
the same number of molecules. From which it follows : 

1st. That the molecules of all substances, when in the 
gaseous state are of the same size. 

2d. That the mass of any molecule, compared with that 
of hydrogen, is proportional to the mass of any given vol- 
ume also compared with the same volume of hydrogen. 

Examples. — If one liter of oxygen — the niass of which is 16 times 
as great as that of a liter of hydrogen — contains the same number of 
molecules, then it is obvious that the mass of each molecule of oxygen 
must be 16 times the mass of a molecule of hydrogen. If the relative 
density of nitrogen be 14, the mass of a molecule of nitrogen must 
be 14 times that of a molecule of hydrogen. 

23. Number of Atoms in the Hydrogren Molecule. — 

Assuming that one volume of hydrogen contains 1000 mole- 
cules, then by Avogadro's law, one volume of chlorine will 
contain 1000 molecules also. If these volumes be mixed 
together and exposed to sunlight, they combine to form two 
volumes of a new substance — hydrochloric acid gas — which 
two volumes, of course, by the same law, will contain 2000 
molecules. Upon analysis, each molecule of hydrochloric 
acid gas is found to consist of two atoms, one of hydrogen, 
the other of chlorine. The 2000 molecules, therefore, will 
contain 2000 hydrogen-atoms and 2000 chlorine-atoms; but 
the 2000 hydrogen-atoms came from the 1000 molecules in 
the original volume, and the 2000 chlorine-atoms came from 
the 1000 chlorine molecules. Each molecule of hydrogen 
must, therefore, have furnished two hydrogen-atoms ; and 
each molecule of chlorine, two chlorine-atoms. Hence, a 
molecule of hydrogen is made up of two atoms. 

24. Molecular Masses. — If the mass of the hydrogen 
atom be taken as 1, then, since its molecule contains two 
atoms, its molecular mass will be 2. The molecular mass of 
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ice may be itbtaiueil by inuUiplyiu 
1 the gtnte of gas, l>y the molecular niae 



auy other substa 
relutive deDsity I 
of hy<lrogeD. _ 

EKAMPLKa.^Tlio ralrttivB density of nitmgun gas, for exnmple, 
14 ; lliul is, a given volume (if it — any one liter — lias 14 times the nin 
of one liter uf hydnigen. Ita molei^ule nsust, therefure, hare 14 tiun 
tile iTiHEs; mill Eiiii.'e the moleculnr nmss of hydrogen U 2, the molecu-f 
liir inns: of iiitrogon ia 14x2; that is, 28. Again, the relntive ileti 
sity of pliuspliurus viipur is 62; its ruuleculur imiss ia 02x2, ur 124. 

SS. Number of Atoms in Elemental Moleeiiles. — | 
Tbe number of ab>me in any eleuii^nbtl molecule is obtaiuec 
by diviiliiig the molecular iiiai» by tiie atomic n 

EXAMPLKS. — The moleculnr muss uf nitrogen being 29, and iw| 
Rtoniic mn»i — obtninad by a inutliud tu be doBtiribed heretider — 14,llM:| 
nuinbtirof ntoiiisiii its iiiuIbcuIq la28-^]4, or 2. Tbe in[ilei.'ular ni 
uf phoKphiirufi being 124, und its iitumic iiiaes SI, iti mnletute muBt'Q 
contain four ntonis. 

2G. Atoiul<;ity of Elemental MoleciileH. — 'Hie atoiib-l 
icityof a molecule is the ]]um1>er of ntoiiis which it coiituius. I 
Molecules are mou-atomic, di-at'iiiiic, tri-atmnic, tetr-atomio^.l 
or he.'i-atomie, acnmliug as they contain <me, two, ihree, fnurjT 
or eix atoms. Most elemeutal luolei-ules are di-atomic. 

(Many simple KubstHuces, not being volnlile, enn not be woighed h 
the gaseous stute. Tlicy nre usimlly (.'Ihsse^I jib di-atomio, liowui'ei 
their di-uturnielly being H^suniint.) 

Those elemental molecules w}iow at^tmicity has been exper- J 
■mentally determined, are given in the following table : 



Mnn—iomie. 


Dl-a(omic. 


Tri-atomic. 


nt.-. 


■nfomir. Hf-v-iilomk^ 


Meri'iiry 


Hydmsoii 


Oijgen 


PlK 


i^phoruH Sulphur 


r.idniiuii> 
ZiiiL- 


Oxygon 
Fluorine 


t«S 07O..S) 

Selenium 


Ar= 


enie (flboritaw*)' 


niirium (?) 


L'lilnrine 


(U'l.iW SW'I 






Indine 


Bromine 










I.>dino 








Brn.nli>e 


(I--1..1V jww") 








(misw) 


Nitrogen 
Knlpbuf 
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Since all molecules are of the Bame size, molecular atomic- 
ity may be thus represented : 



Hg 




HH 




000 




PPPP 



§3. Properties of Atoms. 

27. Definition of Atom. — An atom is the smallest par- 
ticle of simple matter which enters into the composition of a 

molecule. 

28. Classification of Atoms. — Atoms differ from each 
other : 

1st. In mass. 

2d. In the quality of their combining power. 

3d. In the quantity of their combining power. 

29. Atomic Mass. — The relative ma^js of any atom re- 
ferred to that of the atom of hydrogen as unity is its atomic 
mass. It is the smallest mass of any simple substance which 
actually takes part in the formation of any chemical com- 
pound. 

30. Metliocl of fixing: tlie Atomic Mass. — In order to 
fix an atomic mass we must know : 

1st. The relative mass of the substance which combines 
with one unit of mass, i. e., one atom of hydrogen. 

2d. The molecular mass of the hydrogen compound. 

I. Analysis of the compound which any element forms with 
hydrogen will give the absolute mass of each constituent in 
any given quantity — say 100 grams. The mass of the body 
which unites with unit mass of hydrogen may then be ob- 
tained by a simple proportion. 

Examples. — Analysis shows that hydrochloric acid gas — the hy- 
drogen compound of chlorine — contains, in 100 grams, 97*26 grams of 
chlorine and 2*74 grams of hydrogen. By the proportion 2*74 : 97-20 
: : 1 : 36*5, it is ascertained that in this compound the quantity of 
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chlorFiie wliifh combines with unit mass — i. e„ one utom of hydrogen— 
lias a. mase 35-5 tiiuee as giBHt. 

Again, the anaiyais of wntor sliows it to be composed of 8 
cent of oiygeii and 11-11 percent of Iiydrogeo; whence ll'Il : 83' 
; : 1 : 6. Eij^ht parte of oxygen unite with one part of hydrogen. 

Bo Hmmonin gna contains in 100 [larta, 82'3<) parts of nitrogen a 
17'a5 ports of hydrogen ; or 17-65 : 82-35 : : 1 : 4-7. Hence. 4-7 part! 
of nitrogen uombiiie with 1 part of hydrogen. 

Now, if in a Diolocule of hydrochloric acid, water, 
tlieroiibutoneatomof hydrogen, then 3G-5, 8, and 4-7, being the small- ^ 
est masses of chlorine, oxygen, and nitrogen which combine, will b 
the atomic maijses of these bodies respectively. 

II. The molectikr maes of any Bubstaocc is the eum o: 
the masses of its eoustitueut atoius. Tlie cnmbiniug niasses 1 
obtained by aiialy.iis, when added together, thei-efore, must ] 
give either the nidleuidar mass or Borne number of which the i 
molecular moss is a multiple. In this way the number of 
hydrogen atoroe in the couipouud may be deteniiiued; and | 
. the ino^ of tbe other conatitueut which is united with t 
hydrogen atoms k it^ atomic muss. 

Examples. — The reliitive density of hydrochloric acid gas, of 

f iteNni, and of ammonia gas, respeMivoly, is 18-26, 0, and 8-6; thi^ir 

} molecular ninsses, therefore, are 36-G, 18, and 17. Tlie sum of tlie 

I ctniibhiing niaseos of hydrogen and chlorine, obtained by analysis 

(aB-5-f 1 ), is 8G-5. But this is the niolecular mni^B of hydrochloric ncid 

gtis. Hence one molecule of tliis ^iis contains one atom of chlorine 

and one of hydrogen, and the atomic mass of chlorine is SG-5. 

Again, the sum of the combining mosaes of oiygen and hydrogen 
(S fl ) is 9. But 9 is i>iie half the itmleuiilnr muss of wnter; h<>iice, a 
niuletule of water eontuins twice as much of each constituent— i. «., 
3 purts of hydrogen and 16 of oiygen. 16 is, therefore, the Htimiic 
m«sg of oJtygen. 

So, if the combining uiasaes of nitrogen and hydrogen be added 
together, the sum is (4'7-f I ) 6-7. But 6-7 is only one third the moloc- 
illar HIKES of Hmnionia, wliiuh is 17. Ammonia, therofori', contains 
three times as much hydrogen an<l nitrugcn in one motnciile as tlic 
. BUiatlest ralue given by analysis. It must contHin. tlierefure. 3 piirts 
of hydrogvn and 14 (4-7x3) parts at nitrogen; and the atomic muss 



of 
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Hydrogen 

Fluorine 
^MJhlorine 
Bromine 
Iodine 

Oxygen 
Sulphur 
Selenium 
Tellurium 

Nitrogen 

Phosphorus 

Arsenic 



ELEMENTAL SYMBOLS 

Symbol. At 
H 



F 
CI 
Br 
I 

O 

S 

Se 

Te 

N 
P 

As 



Antimony (Stibiu7n)Sh 



Bisnmth 

Carbon 
Silicon 
.TitcmkKn. 
' Zirconium 
Cerium 
Thoriuirt — • 

Boron 
Aluminum 

XUciuwh 

JLauiUaMUtti 

^Uepbiuui 

jC olumbium 

^Xiwtaiuilt 

Gftcmanium 
Tin (Staimum) 
Lead {Plumbum) 



Bi 

C 
Si 
Ti 
Zr 

Ce 

Th 

B 

Al 

Sc 

Y 

La 

Yb 

V 

Cb 
Di 
Ta 



1906 

3637 

79 76 

126-64 

16-96 

31-98 

78-87 

125-00 

1401 
3096 
74-9 
119-6 
207-3 

11-97 
280 
480 
90-4 
141-2 
232-4 

10-95 
27-04 
44 04 
89-6 
138-5 
172-6 

61-2 

93-7 

142- 1 

1820 



Ge 


7332 


Sn 


1178 


Pb- 


206-4 



AND ATOMIC IfcilteSBS. 

Symbol. At 
Chromium Cr 

Molybdenum Mo 

TlU?i3^StP"( W4>ifa>«m)y^ 



'■UruniiUN 

-Osmium 
- Iridinm 
Platinum 

JU t t hCTluui 
..Rlmdiuuj^ 
• Palladium 

Iron (Fcrrum) 
Nickel 
JUobHlt - " 

Manganese 
^ Qallium 



~v-«- . 



•^tidinrn • 
^mlViom 



U 

Os 
Ir 
Pt 

Ru 
Ro 

Pd 

Fe 

Ni 
€a 

Mn 

Ga 
In 

Tl 

Cu 



Copper {Cuprum) 
Silver {Argentum) 
Gold {Aurum) 

Zinc 

Cadmium 
Mercury {Hydrar- 
gyrum,) 

-BeryllimH 

Magnesium 
[ Calcium 

Strontium 

Barium 

«rrtnTTTTi 

Lithium 
Sodium {Natrium) Na 
P()tassium( Kalium)K 
•Ktibidinm Rb 

.DiBsiuHi Cs 



Ag 
Au 

Zn 

Cd 



Hg 

Be 

Mg 

Ca 

Sr 

Ba 

E 

Li 



52-45 
95-9 
183-6 
2398 



1910 
192 6 
194-3 

103-5 
1041 
106 2 

55-88 
58 56 
68-74 

54-8 

69-9 
113-4 
203-7 

63-4 
107-06 
196-7 

64-9 
111-7 

199-8 

908 
23-94 
39 91 
87-3 
136-9 
166-0 

7-01 
230 
3903 
852 
132-7 



, Iiidlrc<>t Methods of Fixing; Atomic Mtut»ics. — 
■ In some cases elcmeuls do iiol UDite directly with Lydrogeu, 
I The cumjiarisoD with hydrogen k then made by means of a 
I middle tertu, generally chlorine. 

ExAHFLES. — No hydrogen compound of silver 13 known. Hut sil- 
I TBr coDibiues with cbluriiie to form the woH-kimwii ore, hum-iilver. 
liOn analysis, tliis liorii-silver yields 7ii'2fi jut cant of silver and W'74 
ir vent of chlorijie. Ab 3o Q parts of chloririo iximhiue with one of 
■bydrogen, tlio quantity uf silver which uoDjblnt's with 35-Q purta of 
■tclilurine is its ntujiiic mass, 24-74 : 75-26 : : 35*5 : 108, tlia atomic nmsa 
f of silver. 

33. Atomic Heat.— Dulong and Petit (1819) pointed 
lout the fact that the product of tlif 6[>ecific heat hy the 
Bat4)mic nia^ is constsjit fur nearly nil the elements ; or, what 
8 thesame tiling, the specific heat of an clement is inversely 
P|iropurtional to ite atomic maeii. This constant product is 
[Called the atomic heat; and, since it has the same value for 
P all the elements, it follows that the specific heat of all atoms 
1 is the same. Since the avei-age value of this product is 6-4, 
I it is evident that the atomic mass of an element may be ap- 
proximately ohtaiued by dividing 6'4 hy the sjiecific heat of 
\ the element. 

(The exact attjmic masses of the best-known elements are 
given on the opposite page.) 

33. Quality of Atomic Combinttig Power. — Atoms 

e divided into two classes, according to the quality of their 
f combining power. These are ; 

1st. Positive atoms, or those which are attracted to the 
. negative electrode in electrolysie, and whose hydi'oxides are 
I bases. 

2d. Negative atoms, or thoBe which go to the positive 
^electrode, and wh<ifle hydroxides are acids. 

ExAiirLXs. — Salt, undor the influunce of olectricity, ia deoonipoaed 

liiito ohlorlnu und sodinin. The chlorine aU'iiit ciilIiKt ut the positive 

ectrodo, iind iiro therefore cnlled negutivc. The HiidJuni nt<>iiiB arc 
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found at the negative electrode, and are hence called positive. Again, 
all the hydroxides of chlorine are acids, while the hydroxides of so- 
dium and potassium— substances like chlorine in all other chemical 
characters — are entirely different bodies, called bases. 

In the table on the next page the more common elements 
are arranged according to their electro-chemical characters, 
each atom being positive to any atom which is placed above 
it, and negative to any one given below it. These distinc- 
tions, although entirely relative, are yet important, since 
ujK)n them rest not only the principles of chemical nomen- 
clature and notation, but also, as seems probable, the nature 
of chemical attraction itself. 

34. Quantity of Atomic Combiningr Power. — If the 
combining power of the atom of hydrogen be taken as 1, 
the combining power of other atoms will be 1, 2, 3, 4, 5, 6 
or 7. That is, some atoms have a combining power equal to 
that of hydrogen and can unite with one atom of it. Other 
atoms have a higher combining power and can unite with 2, 
3, 4, 5, 6 or 7 hydrogen atoms or their equivalents. Quan- 
tity of combining power should not, however, be confounded 
with intensity of combining power. 

Examples. — Atoms combine with other atoms in virtue of their 
chemism, an attraction mutually satisfied by the union. Taking 
the chemism of an atom of hydrogen as the unit, any other atom whose 
chemism is completely satisfied by uniting with the hydrogen-atom, 
is its equal in the quantity of its combining power. Other atoms 
there are, whose chemism requires for saturation, two, three, four, five, 
six, or seven hydrogen-atoms; hence the quantity of their combining 
power — which is the same for all other similar atoms — is said to be 
one, two, three, four, five, six, seven. 

A chlorine-atom is completely satisfied with one atom of hydrogen ; 
but an oxygen-atom requires two, a nitrogen-atom, three, a carbon- 
atom, four, and so on. "This is entirely consistent with the fact that 
the intensity of the attraction between hydrogen and chlorine atoms 
is greater than that which either hydrogen or chlorine atoms have for 
each other. 
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Negative End — Oxygen, 

Sulphur. 
Nitrogen. 
Fluorine. 
Chlorine. 
Bromine. 
Iodine. 
Selenium. 
Phosphorus. 
Arsenic. 
Chromium. 
Vanadium. 
Molybdenum. 

Boron. 

Carbon. 

Antimony. 

TelUirium. 

Tanti^unh 

ColumbUHft. • 

Silicon. 
Tin. 

Hydrogen. 

Gold. ■ ■ . 

' Osmt am. i^/ 

iridium.* 
Platinum. 
.Abodinm'. 

JftlUdlum.) 
Mercury. 
Silver. 
Copper. 

Bismuth. 

ludiuHK 
tier4(zuuiium. 
Lead. 
Cadmium. 
Tballmm. 
.Cobalt.. 
liickfiL .. 
Iron. 
Zinc. 

Manganese. 
LaHthatHim. - 
Didvmiimu. 
Cerium. 
Tborittm; 
Zirconium. 
Aluminum. 
flpniwilfwa. 
ErfoiHin. 
YUrium.- 
Ytterbium. 
BaryUktm:- 
Magnesium. 
Calcium. 
Strontium. 
Barium. 
Lithium. 
Sodium. 
Potassium. 

Positive End -\- JOmiwm. 
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35. Valence. — The valence of an atom in any case is 
the quantity of its combining power, expressed in iiydrogen 
units. Since the equivalent mass of an atom is that fraction 
of its mass which is equivalent to one atom of hydrogen, the 
valence of an atom, which is the ratio of its atomic mass to 
its equivalent mass, expresses the number of hydrogen-atoms 
it can combine with or be exchanged for. 

Examples. — The valence of carbon is four, when one atom requires 
four atoms of Iiydrogen to satisfy its chemism. The valence of phos- 
phorus is five, when it forms a compound in which one atom combines 
with five of chlorine. The valence of sulphur is two, when it can 
replace two atoms of hydrogen. 

36. Classification of Atoms according* to their Va- 
lence. — Atoms are called monads, dyads, triads, tetrads, 
pentads, hexads, and heptads — names derived from the 
Greek numerals — according to their valence. For the adjec- 
tive terms, the Latin numerals are generally used ; atoms are 
univalent, bivalent, trivalent, quadrivalent, quinquiva- 
lent, sexivalent, and septivalent. 

Atoms whose valence is even, are sometimes called arti- 
ads; those whose valence is odd, are frequently termed 
perissads. 

(A table of the valences of atoms is given on the opposite 
page.) 

37. Variation in Valence. — Since one given element 
may form several compounds with another given element, 
valence is evidently not invariable. It generally increases 
or diminishes by two,, liowever ; so that an atom of the same, 
element may in different compounds have a valence of 1, 3, 
5, or 7, or of 2, 4, or 6. A perissad atom, as a rule, never 
becomes an artiad atom by such a change, nor does an artiad 
atom become a perissad. 

ExAidPLEs. — Iron in green vitriol is a dyad, in pyrite it is a tetrad, 
and in ferric acid it is a hexad. Chlorine forms a series of compounds 
with oxygen in which its valence is one, three, five, and seven. 
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Perissads. 


Artiads. 


Monads : 




Dyads : 




Hydrogen 




Oxygen 




Fluorine 


1, III. 


Sulphur 


II, IV, VI. 




/ 


Seienmm 


II, IV, VI. 


Chlorine 


1, III, V, Vll. 


Tellurium 


H, IV, VI. 


Bromine 


I, III, V, VII. 


^"1 1 • 




Iodine 


I, III, V, VII. 


Calcium 


II, IV. 




/ T 7 "• • 


Strontmm 


II, IV. 


Sodium 


I, 111. 


Barium 


II, IV. 


Lithium 




Magnesium 




Potassium 


I, HI, V. 


Zinc 




..sRubidtuTn 




Cadmium 




Xsesiuntr- 




.J^ryiHttin 




Silver 


I, III. 


Mercury 




Thallium 


I, 1II< 


Copper 




Triads : 




Tetrads : 




Nitrogen 


I, III, V. 


Carbon 


II, IV. 


Phosphorus 


1, HI, V. 


Silicon 




Arsenic 


I, III, V. 


..Germaniunk 




Antimony 


Ill, V. 


Titanium 


II, IV, 


Bismuth 


Ill, V. 


Tin 


11, IV. 


Boron 




. Thorium 
Zirconium' 




Gold 


I, HI. 






A 1 




Platinum 


II, IV. 


Alumuium 

^^ 1 1 * 




Palladium 


II, IV. 


, Cmlhtim- 








- Indium 




Lead 


II, IV. 


Yttrium - 




iP 




Scandium . 




Ilexads : 




.Ytterbium 




Molybdenum 


II, IV, VI. 


Cerium . 




Tungsten 


IV, VI. 


.Xuntbanum. 




Ruthenium 


IT, IV, VI. 


-©idymium ■ 
£rbi4im 




Khodium 
Iridium 


II, IV, VI. 






11, IV, VI. 






Osmium 


11, IV, VI. 


XV4umbiinu 




Chromium 


H, IV, YI. 


-T^iiiialum 




Manganese 


II, IV, VI. 


-Vaimdium 


HI, V. 


Iron 
Cobalt 


II, IV, VI. 
11, IV. 






Nickel 


II, IV. 






Uranium 


H, IV, VI, 



r] 
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Moreover, it would appear that variability m valence is 
dependent not only upon the given atom it«elf, but also upon 
the atoms with which it combines. In all hydrogen com- 
pounds, the valence of the atom which is joined to the hydro- 
gen is invariable, only a single valence being known in the 
hydrogen compounds of any given element. When united 
to chlorine, however, the valence is variable, several chlo- 
rides being known of the same element. It is, however, in 
oxygen compounds that valence reaches its greatest variabil- 
ity, as well as its maximum value. Mendekeff has noted 
the fact that when a substance forms compounds with both 
hydrogen and oxygen, the sum of the equivalents of the 
hydrogen and the oxygen in the highest compounds is equal 
to eight. Thus chlorine forms HCl with hydrogen, and CL^O, 
with oxygen ; carbon gives CH^ and CO.^. Since oxygen is 
bivalent, there is in the oxygen compound of chlorine 7x2 
or fourteen equivalents of oxygen for two atoms of chlorine ; 
or seven equivalents for each. In the oxygen compound of 
carbon, the oxygen has 2x2 or four equivalents. Uniting 
in each case the oxygen equivalents per atom with the hydro- 
gen equivalents, we see that in the first case we have seven 
plus one ; and in the second we have four plus four ; so that 
in both cases the sum of the equivalents is equal to eight. 

The compounds formed by an atom with one valence are 
often widely different in properties from those formed by the 
same element with a different valence. Sometimes the iden- 
tity of the atom can be established only by the conversion 
of the one compound into the other. 

Examples. — The compounds of tin in which this metal acts with 
a valence of two are quite distinct both in physical and chemical 
properties from the compounds which contain the same metal with 
a valence of four. Lead as a tetrad forms a dark brown solid with 
oxygen ; while as a dyad its compound with oxygen is an orange- 
yellow powder. 
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38. Elcninntal GrouplngTi.^Fdt- many years Biniilarity 
fit propertieB haa been observed between certain elements, 
wliicli has led to their being grouped together in what are 
called natural families. Moreover, a gradation iii properties 
was also observed in these groups, which was easily seen to 
be connected with a sut^cessive increase in the atomic mass. 

ExAHFLEs. — Thus, cliliiririe, Unmiine, iind kidino tisTe long been 
clmiiGd together us a uatunil group, having aimilnr properties in gru- 
datiim. Chturiue is a gas, brumino u liquid, and iudiriu a solid, ciilu- 
rhie, with un Dtuniic mnss of S&ST, is the ienflt dense and the riuist 
ai'tive; wbllu iiidiiiu, with un atnmic mass uf 126'<i4, i» the lunstautive 
Hlld the most dense. Mnrenvcr, the atomic moss of bromine, the 
midille term, 79-78, is very nearly thu nienn of the atomic; miiases of 
chhirine and ioiiine. In the same way potassium, sudium, and lithintii 
furin H iiatural group, having a similar gradation of properties. But 
in this cas«, since these elcinenu are electro-positive, the chemical 
activity, instead of diminishing, increases with the atomic mass. 

39. Periodicity in Properties of Elements. — In 
1869 and 1870, Mendelfeff and Lothar Meyer independently 
called attention to the fact that if the elements be arranged 
in the order of their atomic masses, and then be divided into 
series of sevens, placing the elements of the second series 
immediately under the corresponding elements of the first, 
those of the third under those of the second, and so on, it 
will be found that, calling the elements iu each vertical col- 
umn a group, each of these grou|js corresponds to a natural 
family of elements, having common properties, varying in 
degree throughout the group. . Since a phenomenon is called 
periodic when it recurs at definite intervals while the clrcum- 
etaaces upon which it is conditioned vary continuously, it is 
evident that the properties of the elements which recur thus 
definitely as the atomic mass steadily increases must liave 
a periodic dependence u|>on this atomic mass. Hence the 
law : The properties of the elements are periodic ftmo- 
tiona of the atomic ma^BOB. 
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In the table on the following page, the elements are 
arranged substantially according to Mendeleeff's classifica- 
tion, a horizontal row indicating a series, and a vertical 
one, a group. That these groups constitute natural families 
and contain closely allied elements appears from the table" 
on page 16, in which this classification has been closely fol- 
lowed. The elemental properties which are thus periodic 
include all the properties of the elements so far as known, 
both physical and chemical. Their hardness, malleability, 
and ductility ; their density and consequent atomic volume ; 
their crystalline form ; their fusibility, volatility, and specific 
heat; their expansion by heat, their conductivity for heat, 
and their heat of combination ; their refractive power and 
the character of their spectra ; their electro-chemical position, 
their magnetic or diamagnetic character, and their electrical 
conductivity ; as well as their combining power or their va- 
lence — are all periodic functions of their atomic masses. 

Examples. — Thus the periodicity of density and of atomic volume 
(which is the quotient of the atomic mass by the density) appears 
clearly in the third series of elements in the table, as follows : 

Na Mg Al Si P S CI 

Density, 097 1-74 2-56 249 2-3 204 1-38 

Atomic vol., 23-7 13-8 10-6 11-2 13-5 15-7 ^25-6 

In the same way, the refraction-equivalent is shown to be periodic. 
Thus in the second series : * 



Li Be 


B 


C 


N 


O 


F 


ifr. equiv., 3-8 5-7 


40 


50 


41 


2-9 


1-4? 


And in the fourth series : 












K Ca 


Sc 


Ti 


V 


Cr 


Mn 


fr, equiv., 81 104 


? 

• 


25-5 ? 


25-3 


15-9 


12-2 



The periodicity of valence is clearly seen in the first and the 
seventh series: 

First, Li Be B C N O F 

Seventh, Ag Ca In Sn Sh Te I 

Valence, 12 3 4 3 2 1 

Graphic construction, however, is the best method for showing 
periodicity. 
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40. Prediction of Properties. — The strongest evidence 
of the truth of a law of nature is its power to predict. In 
the periodicity table certain gaps will be noticed to which no 
known element belongs. Mendeleeff undertook to predict 
the properties of some of these undiscovered elements, basing 
his predictions on the periodic law. He pointed out that, in 
general, the value of any property of an element is the mean 
of the values of the same property of the elements on the 
two sides of it, whether in the same group or in the same 
series with it. Thus, for example, taking the atomic masses, 
the densities, and the atomic volumes for selenium, we find : 



Aton 


lie Masses. 


Densities 


• 


Atomic Volumes. 




S 






S 






S 






31-98 






2-04 






15-7 




As 


Se 


Br 


As 


Se 


Br 


As 


Se 


Br 


74-9 


78-87 


79-76 


5-G7 


4-6 


2-97 


13-2^ 


17-2 


2G-9 




Te 






To* 






Te 




* 


126-3 






6-25 






202 





To four elements thus related, Mendeleeff has given the 
name atomic analogrues. At the time of preparing his 
table gaps existed in it between boron and yttrium, between 
aluminum and indium, and between silicon and tin ; to which 
he assigned elements having the provisional names eka-boron, 
eka-aluminum and eka-silicon, respectively, and the proper- 
ties of which he minutely predicted. In 1875 Lecoq de 
Boisbaudran discovered gallium, which proved to have iden- 
tically the properties predicted for eka-aluminum. In 1879 
Nilson discovered scandium, whose properties turned out to 
be exactly those required by eka-boron. And in 1886 Wink- 
ler discovered germanium, an element having properties 
identical with those which Mendeleeff had assigned to eka- 



:.vg6Ti, I fur one of ioiline, 
le <if gold (numni). S^i Tor 
11 ntiim of chWiQe, C one 
rium, Cd i>ne of cudmitim. 
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ellic'OD. Thcru would seem tii lie Imt little question there- 
fore, in view of this jxiwer ol" pretlictioii, that the periodic 
law is one of the most fuudanieutal of ol! the laws of chem- 
ical science. 

§ 5. Atomic Notation. 

41. Atomic SymboU. — In ISlo Berzeliiis proposed an 
ahbreviateil tomi of chemical language. In tliis systeiu each 
atom has for its eymhul the Unit letter of its Latiu name. 
Where the names of two different atoms hegin with the same 
letter, a secotiil letter, suggestive of the name, is added. 

Examples.— O Btaiids Ibr iin atom of oj 
K fur one of potaasiuiii (kuliuoi). A u for oi 
Utie uf tin {gtunijum). Su, CJ represents h 
(if uurbuii, Cu one of ciilciuni, Ce one nC ve: 
Co one of eobult, Cr one of chromiuni, Cs 
copper (cupmni). 

(The symbols of the elemeuls are given io the table on 
page 16. J 

42. S.vmbolu repreneiit Atomic MnsHes. — Each atomic 
symbol Btands not only for the at()ra in general, but repre- 
senld jiarticnlarly its atomic mass. 

GXA.MFLES. — Pe (ferru^i) repreasnte 56'88 mass-units of irnn, .Sb 
(stibium) 119 6 mnss-nnits nf nnliinonj', Hg (hydrurgyruni) 199-B 
mtias-unita of mercury, Ag (iirgeiitum) 107B6 niasa-unlts of silver; 
these being llie ntoniio musses of tliese .subslum-'cs ruspovtively. 

43. Vnlenee of Atoms, liow Inillcat«<l. — The valence 
of an atom m indicated by placing Rfiman anmerals above 
or a little to the right of, the symbol. Sometimes iiiinute- 
marke are used instead. 

ExAMPLEB.— H or H'etsnds fortlie nionnd bydrogen-iitom; SorS" 
tbe bivident sulplinr-iitomi P or P'" for tbe triviilunt plioFp1ioru>- 
tu! (5. ■Cor O""for the quadrivoloiit Mrbon-atiini ; i'e or Tu" for 
sexirulent telluriuiii-alom, etc. 
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44. Graphic Symbols. — The graphic symbol of an atom 
is a circle, with lines radiating from it to indicate its valence. 
These lines are called bonds. Below is a graphic represen- 
tation of the seven classes of atoms : 

Monad. Dyad. Triad. Tetrad. Pentad. Hexad. Heptad. 

6 O V -(> -6; -Q- ^ 

Generally, however, the circles are omitted, the bonds 
radiating from the symbol. The number of bonds only is 
significant, not their direction. 

Examples. — Tims, — O — , 0=, or O— stands equally for one atom 

I 
of dyad oxygen. N=, N— , or — Nnr, equally represents an atom of 

triv#lent nitrogen. 

45. Multiplication of Atoms. — Atoms are multiplied 
by placing an Arabic numeral below and to the right of the 
symbol. 

Examples. — C2 represents two atoms of carbon; N^, four atoms of 
nitrogen ; K5, five atoms of potassium; Pt,, three atoms of platinum. 

Elemental molecules are represented in the same way : 

CI2 stands for a molecule, composed of two atoms of chlorine, O3 for 
a molecule of ozone, As^ for a molecule of arsenic, Sg for a hexatomic 
molecule of sulphur. 

Care must be taken not to confound the valence marks, 
expressed in Roman numerals, with the number of atoms, 
represented by Arabic numerals. 

Examples. — 1.^ stands for three atoms of iodine, each of which is 

li Ml 

a monad. Co^ stands for two atoms of bivalent cobalt, Bj for five 

ly 
atoms of trivalent boron, bi^ for four tetrad silicon-atoms. 

46. Multiplication of Molecules. — ^^Molecules are mul- 
tiplied by enclosing their symbols in brackets, and placing 
the numeral outside, below, and to the right. 

Examples. — (H._,)^ stands for six molecules of hydrogen. (Br.,).^ 
represents two molecules of bromine. (Na.^)3 indicates three mole- 
cules of sodium. 
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EXERCISES. 
§1. 

1. Define analysis. Synthesis. 

2. What is the distinction between elementary and compound 
matter? 

§2. 

3. How do chemists ascertain to which class a substi\nce belongs? 

4. How many kinds of atoms are known? 

6. According to what rule are the elements named? 

6. Give Avogadro's law and the deductions from it. 

7. Show that a hydrogen-molecule contains two atoms. 

8. The relative density of arsenic-vapor is 149-8; what is its molec- 
ular mass? 

9. The atomic mass of arsenic is 74-9; how many atoms are there 
in its molecule? 

.10. The relative density of mercury in vapor is 99-9; its atomic 
mass is 199-8; what is its atomicity? 

11. Mention the molecules which have two atomicities. 

12. Define an atom. An atomic mass. 

13. What data are necessary to fix an atomic mass? 

14. Marsh-gas — a compound of hydrogen and carbon — has a rcla- 
^ tive density of 8; analysis shows it to be composed of 75 per cent 

of carbon and 25 per cent of hydrogen; what is the atomic mass of 
carbon ? 

15. The analysis of a compound of chlorine and antimony gives 
40*01 per cent of chlorine and 63-39 per cent of antimony; its rela- 
tive density is 11285; what is the atomic mass of antimony? 

16. How are positive atoms distinguished from negative? 

17. Which of the following atoms are positive and which negative? 
Silver nnd carbon; tin and lead; sulphur and chlorine; sodium and 
iodine. 

18. Define and illustrate valence. 

-? C -^ 1 r * TO 
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19. How are atoms classified by the law of valence ? 

20. What is a dyad ? A pentad ? A trivalent atcwn ? A septiva- 
lent atom? A perissad? An artiad? 

21. How does the valence of an atom vary? 

22. What valence has oxygen ? Nitrogen? Iron? Copper? 

§4. 

23. What is meant by a natural family of elements ? Illustrate 

24. Define a periodic property. Why Are the properties of the ele- 
ments called periodic? 

25. State the periodic law. Who were its discoverers? 

26. Illustrate periodicity in the properties of the elements from the 
table. H(iw is a group of elements distinguished from a series? 

27. What were the new elements whose existen<»e and properties 
were predicted by MendeleetF? By what names did he indicate 
them ? 

§5. 

28. How are atoms represented in symbols? 

29. Give the symbols of tin, zinc, silver, sodium, aluminum. 

30. For what do the symbols Pb, Ca, K, W, Si, Se, Mn, Mg, stand? 

31. How are two dyad zinc-atoms written ? Four triad gold-atoms ? 
Six tetrad tin-atoms? Five hexad sulphur-atoms? 

32. What do ('fi.^)6, (i^^).^, ('f^e^)^, and (Sg) represent? 
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COMPOUND ilOLKCULES. 



§1. Binary MoLEucLia. 

47. I>pfinition. — A compound molecule is a muleoule 
whose constituent utomfi are unlike. ^ 

The nuuilier of atoms which cuch molecules niay contain 
is apparently uulimilcd. While a. molecule oi' common salt 
contaiua at least two atoms, a molecule of the potassium com- 
pound of one of Dr. Gibbs'a complex inorganic acids con- J 
tains 459. 

48. Molecular Moss. — The molecular mass of a tMm*^ 
pound molecule, like that of ii simple one, is the sum of tlw 
atomic masaeB of its constituen le. It is always equal to twice 
the relative density of the substance in the state of gas. 

49. Fopmatloii of Mulecules. — Compound molecules 
are formed by the union of atoms according to the law of . 
valence. 

Since the number of bonds, or unite of attraction, i 
less than two — one being furnished by every atom t« each otM 
the others to which it is direeily united — the entire nu; 
of bonds in any molecule must always be even. And since, 
too, every perissad atom furnisheH an odd number of bonds, 
it follows necessarily, that the number of such atoms coa-^ 
tained in any molecule under normal conditions is alwajx 

SO Classification of Componnd Molecules. — Com'^^ 

pound molecules are divided intj) two classes: 

Ist. Those whose aUmis are directly united, culled BI- 
naiiee. 



ij 
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2(1. Those whose atoms are indirectly united, called Ter- 
naries. 

51. Binary Molecules. — Binary molecules are those 
whose atoms are directly united. Whatever the absolute 
number of atoms present in such a molecule, they can never 
be of more than two kinds. 

Examples. — A molecule of salt contains but a single atom each of 
chlorine and of sodium; a molecule of red-lead consists of seven 
atoms, three of which are lead-atoms, and four oxygen-atoms. 

52. Namingr of Binary Molecules. — The names of all 
compound molecules are derived from those of their constitu- 
ent atoms; a plan proposed by Lavoisier, in 1787. 

A binary compound is formed by the union of two simple 
substances, one of which, by the table, must be positive to 
the other, which is negative. Binary molecules are named : 

By placingr the name of the positive constituent flrst,^ 
and then the name of the negrative, the termination of ; 
which is changed to ide. 

, Examples. 
Sodium and Chlorine yield Sodium chloride. 



Magnesium and Oxygen 
Silver and Sulphur 
Zinc and Phosphorus 
Calcium and Iodine 
Aluminum and Bromine 
Potassium and Nitrogen 
Barium and Fluorine 
Cadmium and Selenium 



Magnesium oxide. 
Silver sulphide. 
Zinc phosphide. 
Calcium iodide. 
Aluminum bromide. 
Potassium nitride. 
Barium fluoride. 
Cadmium selenide. 



The termination ide is always characteristic of a binary 
compound. 

53. Modification of this Rule. — Whenever the pos- 
itive atom enters into combination with more than one 
valence, this fact is indicated in the compound by changing 
the termination of the name of this atom into ic or oizs. 
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Q9 
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If the positive substance acts witli but two valences, then 
in the higher one its name takes the termination ic, and in 
the lower one the termination oiis. 



/ 



/ 





Examples. 






Bivalent Mercury 


and Oxvj^en form 


Mercuric oxide. 


Univalent Mercury 


" Oxygen 




Mercurous oxide. 


Quadrivalent Tin 


" Chlorine 




Stannic chloride. 


Bivalent Tin 


" Chlorine 




Stannous chloride 


Trivalent Gold 


" Iodine 




Auric iodide. 


Univalent Gold 


" Iodine 




Aurous iodide. 



If the positive constituent acts with more than two va- 
lences the termination io — being given on the discovery of 
the' compound — is generally arbitrarily assigned. The prin- 
cipal groups whose valences thus change, with the valence in 
the io compound, are the following : 



CHLOKINK GROUP. 

Valence V. 
Chlorine 
Bromine 
Iodine 



SULPHUR GROUP. 

Valence VI. 
Sulphur 
Selenium 
Tellurium 



NITROGEN GROUP. 

Valence V. 
Nitrogen 
Plio.splioru.'i 
Arsenic 



A compound in which the valence of the positive is less 
than in the ous, takes the j)refix hypo, which means '* under." 
When this valence is above the ic, the prefix per is given to 
the name of the positive. The negative termination, how- 
ever, in all these cases continues to be ide. 



Septivalont Chlorine? 
Quinquivalent (Milorint^ 
Trivalent Chlorine 
Univalent Chlorine 

Soxivalent Sulphur 
Quadrivalent Sulphur 
Bivalent Sulphur 



KXAMPI.KS. 

and ()xvy:en form Per-chloric oxide. 
" ()xvu:(;n " Chloric oxide. 
" Chlorous oxide. 



i» 



Oxviijen 
Oxvijccn 

OxyiJjen 
Oxyj^en 
Oxygen 



Hypo-chlorous oxide. 

Sulphuric oxide. 
Sulphurous oxide. 
Hypo-sulphurous oxide. 



34 THEORETICAL CHEMISTRY, 

Quinquivalent Nitrogen and Oxygen form Nitric oxide. 
Trivalent Nitrogen " Oxygen " Nitrous oxide. 

Univalent Nitrogen " Oxygen " Hypo-nitrous oxide. 

54. Use of Numeral Prefixes. — In some cases the 

number of atoms of each constituent is to be indicated. This 

is done by prefixing Greek numerals to each of the names 

given. 

Examples. 

1 atom of C and 2 of O form Carbon di-oxide. 

1 " of P ** 5 of Br " Phosphorus penta-bromide. 

2 atoms of Fe " 3 of O " Di-ferric tri-oxide. 

3 " of Ti " 4 of N " Tri-titanic tetra-nitride. 

55. Notation of Binary Compounds. Formulas. — 

Notation is the representation of a substance in symbols. If 
the substance be a compound one, this representation is called 
a fonniila. 

Binary molecules are represented by placing the symbols 
of the constituent atoms together, the positive first. 

Examples. 

A molecule of Hydrogen chloride is HCl. 

" " " Cupric oxide " CuO. 

" " " Silver iodide " A<?I. 

" " " Zinc sulphide " ZnS. 

56. Use of Numerals in Formulas. — When the num- 
ber of atoms of any constituent in a molecule is more than 
one, this is indicated by a numeral placed below and at the 
right of its symbol. Compound molecules, like simple ones, 
are multiplied by enclosing them in brackets, and placing 
the numeral outside and to the right. 

Examples. 



so. 


represeii 


ts 1 


molecule of Sulphuric oxide. 


Si>, 


(( 


« 


ii 


" Sulphurous oxide. 


so 


« 


(( 


(( 


" Hypo-sulphurous oxide. 


H.,0 


ii 


(( 


i( 


" Hydrogen oxide (water). 


Pb,(), 


(( 


t( 


(( 


" Tri-plumbic tetr-oxide. 
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(NaCI), 


reprusu 


\Mi '1 nioliM'ulus of Sudiuni chloride. 


(CS,), 


" 


2 " " Cftrlwn di-Bulpbide. 


(P.OJ:, 




a -' " Pluwpliorii; uxido. 


(As,S,), 


" 


4 -' ■' ArsenouB sulpliidt!. 


(PbO,) 


■■ 


1 >i><>l<:.'iik " henA di-oxide. 


(PW)), 




a iiioleuiileB ■■ Lead oxide. 



57. Formation of filnitrles. — Binary moleculeH are 
generally viewed as if fonued by the direct union of their 
constituent iituras. Two caeeB are here to be considerwl : 

1st. When the valence of the atoms is the same. 

2d. When the valeute is different. 

lu all leases of chemical wnibination, the cheniiem of eiwh 
atom must be satisfied. Atoms having the same valence, then, 
may mutually i^itiiratc each other. Hiieh atoms, therefore, 
unite in the ratio of one to one. 

ESiMPLKS. 

K' and CI', hi-th monads, fon.i K'Cl', or K— CI. 

Cd" •' O". " dyada, " 0a"O", " Ca=0. 

W" " N"'. •■ triads, " B"'N"', " B^N. 

" tutrads, ■■ Ptl'SJK, ■■ Pl^Si. 



pyv 



When the atoms which enter into combination have a dif- 
ftrent valence, then each atom must furnish the same num- 
ber of bonds. Tliis number is, in all cases, the lea«(t common 
multiple of the two valences. The absolute number of atoms 
of each constituent is obtained by dividing this least common 
multiple by the valence of each. 

Examples. — When triad- and dyad-atoinB tonibine, eucli must fur- 
nish six bolide — the least eommoii multiple of 3 and 2. But tofuniieli 
six blinds, three d jad-atomB and twn triad-atiiniB are rei|ui™d. Hence 
the molecule will cunaist uf twu atoms of the triad and tlirou of the 

So B tetrad uniting with B dyad will reijuire four liunds — the leuet 
pommon multiple of i uiid 2 — to lurniBh wliifh one tetrad-utom and 
two dyad-atoniB anj notmssiiry. The foUowiii;; formnlaa atill further 
illuBtmte this law: 
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H', a monad, and O", a dyad, form H'2^". 
W\ a triad, and O", a dyad, form N^O^^ 
Sniv, a tetrad, and S", a dyad, form Sn'vS".^ 
B"\ a triad, and CI', a monad, form B^'Cl'^ 
Si'v, a tetrad, and F', a monad, form Si'^F'^ 
Biv, a pentad, and S", a dyad, form Biv^S^g 
Pv, a pentad, and Br', a monad, form PvBr'g 
Svi, a hexad, and O", a dyad, form SviO", 
Civil, a heptad, and O" a dyad, form ClviigO"^ 

Where perissad- and artiad-atoms form a molecule, the 
number of atoms required is inversely as the valence of 
each. 

This rule requires to be modified, however, in cases where 
atoms of the same polyad element unite with each other 
directly; a condition of things appearing markedly in the 
case of carbon. While one atom of carbon unites with four 
of hydrogen, two atoms of carbon unite not with eight, but 
with six hydrogen-atoms ; two of the bonds of the two car- 
bon-atoms being occupied in holding these atoms together ; 
thus « 

H H 

H— C— C— H 

U 

Consequently the maximum number of monad atoms with 
which n carbon-atoms can combine is not 4yi, but 2n-f 2. 
Hence the homologous series CH^, C._,Hg, C^H^, C^Hj^, C.H,.,, 
CgHj^, etc., the members of which differ from those preceding 
or following them by CH.^. 

58. Exchange of Atomn in forming: Binaries. — As 
; atoms do not exist free, they can not in fact form molecules 
. by directly combining. Binary compound molecules are 
' formed from the elemental molecules of their constituents, 
which, being brought into proximity, have their atoms re- 
arranged ; the intensity of the chemical attraction between 
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twi> dWimilar atomw being Btrimger than that exerted be- 
tweeu two eimilar atoms. 

ExAMPLKs.— A rnolfculp 'if mugiiesiuni Mg:=Wg, wlimi brought 
in liontuct with one of oxjgwi = 0, mider euitabla (.'oiiditiiina will 
excliaijge one uf iu Diii){iiuBiuin.-iiluti38 fur an tiLoin uf ozygeji tu furoi 
two molecules of iiiagnesiiiiii usl Je Mg =: 0, =Mg. It mny be rep- 
rebenlKcl thug: 

Mg O M(! = 

Before {| || After 

Mg O Mg = 

Ifi the Bume wn,v Iwu muieciiles of bjiIriiyBn and unu uf uxygen 
*iil form twu inok-culas uf byilrogen oiliJe or wntur, thuB ; 

HUH a_0— H 

Befuro I |[ I Afler 

H O a H— 0-H 

5n. TJiumtiirated Molecules. Coiiipuund RiLdioals. 

Besides the atomic groups now considered, called saturated 
molecules because the bunds of all the atoms they contain 
are mutually engaged, it is often convenieat to distinguish 
certain unsaturated groups of atoms, which, possessing tree 
bondfi, may enter into combiuatiou like single atoms. These 
unsatui-utcd groups of atoms are frequently called oom- 
poimd radioalB, They fian not exist in a free state iu 
nature, though, like an atom, by combining with another 
similar group, they may form a molecule which is saturated. 
Their valence is always equal to the number of unsatisfied 
bonds ; i. e., is the difference of the valences of their eonstil>- 
uents. 

Ex AMi-LEs.— Wilier is H — — H; bj* rumuviiig^one hjdrogan- 
utiirn, there U loft the iinentuTHted group H — O— , whiuh, though 
cuiiEiatiiig of two Btornn, is capablH of entering into the formntioii of 
a molecule like nny-»ingle atom. It bus une free bond, mid hcnee 
HCts BB n moiiud. But by combining with iu)uthcr similar group, it 
fcriMB H — O — O — H, II fn'P satnnitud moleoulH. Thia compound 
mdic^iil may also lie written (H'O")'. 

So H,N. II HHliiruCed muleculo of nmiiionia, yii^lde (H,N)'. n monad 

(lompoiind ritdiful, by tlio U>s* i>f H'. P a peiitiid pbuBpbf>rii9-Mt<'m, 

4 
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may be partially saturated by one oxygen-atom O", forming the triva- 
lent compound radical (P'O")'"; or by two oxygen-atoms, gi /ing the 
univalent radical (P'O/')'. The former (PO)'' may unite with CI 
like any other triad, forming (P0)'"Cl3. 

60. Names of Compound Radicals. — Compound rad- 
icals have names terminating in yl. The root of the name 
comes either from their constituents or from some compound 
into which they enter. 

Examples. — The compound radical (HO)' is called hydroxyl; 
(PO)'" is named phosphoryl; (CO)" carbonyl, (CH3)' methyl, froni 
methyl alcohol, of whicli it is a constituent. Three compound rad- 
icals, (H2N)' amidogen, (ON)' cyanogen, and (H^NV)' ammonium, are 
exceptions to this rule. 

61. Artiad and Perissad Radicals. — Perissad radicals, 
having an uneven number of free bonds, can exist free only 
by combining with each other, as above stated. Artiad rad- 
icals, having an even number of free bonds, may exist in the 
free state by the mutual saturation of these bonds by each 
other. 

Examples. — Nitryl (NO.^)', a perissad radical, can not exist free. 
But by combining with another group, (NO.J ^- (NO.^) is produced, 

H H 

which is saturated. Ethylene, H — C — C — H or (C^HJ" is a 

bivalent radical; but by doubly uniting the carbon, olefiant gas 
H H 

H — = C — H results. Carbonyl = 0= is a dyad radical, 
= C»- is free carbon monoxide. 

62. Explanation of Variation in Atomic Valence. 

By a similar hypothesis some chemists have attempted to 
explain the variation in atomic valence. An atom is assumed 
to have but one valence, which is the highest it ever exhibits. 
If now two of its bonds mutually saturate each other, the 
atom has a less valence by two ; if two pairs thus saturate, 
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by four ; if three, by six. A heptad may thus become a 
[X^DtaJ, triad, aud mouad eucce^ively ; and a hexad luay he- 
eome a tetrad, aud a dyad ; as the following graphic forniu- 
l8« ehuw : 

Heiifr"'. Ferdad. Trimi. MijMiit 



* ^ <? 

HexwI. Tctrnd. 



In the ease of those clemeuts which, like mercury, copper, 
iron, vanadium, etc., appear to act with an even valeDce iu 
some of their cumpouudB and with au odd valence in others, 
we can only accept the feet and write the formulae In the 
simplest way ; awaiting new light upon the nature of valence 
itself, in order to explain the anomaly. 

03. Names of Molecules formed by Badlcals. — 
Molecules which contain compound radicals united to ele- 
mentary atoms are classed as binaries and are named iu the 
earoe way. 

EsAMPLBS. — Nitryl (NO,)' and elilorine fiirm nitryl diliiride- 
(NO,)'CI. Carbonyl (CO)" and Bulplmr form carbnnyl sulphide 
(CO)"S. Methyl (CH,)' nnd onygen form (Cfla)',0, metli^l -lide. 



§ 2, Tebnary Molfxiules Unitkb by Uyai»«. 

04. ClHHSiflpntlon of Ternnry Molv4?uleH. — Ternary 
molecules are those whose dissimilar atoms are united by the 
aid of some third atom. This third nUim, which performs a 
linking function, must evidently be a piilyad, since no monad 
can join other atoms together. 

Ternary moleculos are divided into two eloi^ws accoi'ding 
to the valence of the uniting atom : 
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Ist. Ternary molecules united by bivalent atoms. 
2d. Ternary molecules united by trivalent atoms. 

65. Ternary Molecules united by Dyads. — ^The dyads 
oxygen, sulphur, selenium, and tellurium, may perform a 
linking function. Of the compounds thus formed, by far 
the larger proportion are compounds of oxygen. Oxygen, 
therefore, is the distinguishing component of this class of 
bodies. 

66. Ternary Molecules linked by Oxygen. — Oxy- 
gen, by its two bonds, may unite two atoms or groups of 
atoms together. Bodies thus constituted are divided into 
three classes, according to the character of the atoms which 
are thus united. These classes are called acids, bases, or 
salts. 

X 67. Definition of an Acid. — An acid molecule is one 
/which consists of one or more negative atoms united by 
xoxygren to hydrogren. 

^ The general formula of an acid, therefore, is R — O — H. 
The number of hydrogen-atoms which it contains is equal to 
the valence of the negative atom or group of atoms. In 
general, acids are recognized by the property which they 
possess of turning certain vegetable blues to red. 

68. Definition of a Base. — A basic molecule consists 
of one or more positive atoms united by oxygen to hy- 
drogen. 

A base is the analogue of an acid. It has the general 

formula R — — H, the number of hydrogen - atoms de- 
pending, as before, upon the valence of the positive atom or 
atomic group. Bases restore the color to vegetable blues 
which have been reddened by an acid. 

69. Definition of a Salt. — A saline molecule is one 
which contains a positive atom or group of atoms united 

/ by oxygen to a negative atom or group of atoms. 

The general formula of a salt is B — — B. As it con- 
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taioa no hydrogen it has neither acid nor ba^ic properties, 
aud is therefore without actioa upon vegetable colore. 

70. Water Type. — A molecule of water consists of two 
atoms of hydrogen linked together by oxygen, thus: H — O 
^H, By exchanging one of these hydrogen-atoms for a 
negative monad, an acid, R — — H, is produced. By a 
similar exchange for a poaitive atom, a base, R — O — H, is 
obtained. By replacing Ixith of the hydrogen-atoms, one by 
a [Mwitive tlie other by a negative atom, a salt, R — — R, 
results. Hence these three classes of bodies are eometimes 
saii^ to be formed upon the ]>lau of structure of water ; that 
is, ujKiu the water type. 

Acids aud bases may also be viewed as compounds of the 
monad radical hydroxyl. If liydroxyl H— O— unite with 
R, it forms an acid R— O— H ; if with R, it gives a base R— 
■H. This method of viewing acids and bases is conven- 
ient for many purjMises. 

71. Ifanilnff uf Acids, Basea, and Salts. — Acids, bases, 
and salts, like binaries, are aanieil from their constituent 
atoms. The terminntion of tho negative is changed, how- 
uver, to indicate that the atoms are linked by oxygen. These 
negative ternary terminations are universally ate and Ite. 

ExAMPLKS. — Potnacium ami Eulphur when directly uriiti?d, rami 
potassium sulphide; wlien united b^- uxygen, potassium sulphnte, sul- 
phite, or hypo-Bulphito, acoording to the Tiilence of tho sulphur. The 
biiisry hydrogen nitride betoines, by the introductiou of linking oiy- 
gen, hydrugeii nitrate or nitrite, both tonmry «cija. And in the snlne 
wiiy, uopper hydride becomes c<ipper hydrate. 

(The name hyilroside is sometimes used to indicate a more 
intimate union or a cheniiwil union projrer ; the word hydrate 
being employed to signify a lees intimate physical or molec- 
ular union. Thus, if sodium oxide unites with hydrogen 
oxide, sofliuni hydroxide results; while if sodium carbonate 
941 unit<!fi, a iiydrute of sodium carbuuute ii^ tbt* pniduct. / 
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72. Changre in Termination of the Positive Atom. 

The positive atom, as in binaries, retains its name unaltered 
except when it acts with more than one valence. * It then 
takes the termination ous and ic. 

Examples. — Mercurous and mercuric nitrates, cuprous and cuprio 
sulphates; ferrous and ferric phosphates, stannous and stannic sili- 
cates, etc. 

73. Common Names of Acids and Bases* — ^As both 
acids and bases contain oxygen and hydrogen, they are com- 
monly named from the characteristic constituent, giving it 
the termination io or ous, according to its valence, and add- 
ing the word acid or base. 

Examples. — The common name of hydrogen sulphate is sulphu- 
ric acid ; of hydrogen nitrite, nitrous acid ; of hydrogen phosphate, 
phosphoric acid; of hydrogen hypo-chlorite, hypo-chlorous acid. So. 
too, calcium hydrate is calcic base; zinc hydrate, zincic base; ferric 
hydrate, ferric base; ferrous hydrate, ferrous base; aluminic hydrate, 
aluminic base. 

74. Formation of Ternary Molecules. — Ternary mole- 
cules are formed in two ways : 

1st. By the direct union of binary molecules. 
2d. By substitution, from each other. 

75. Formation of Ternaries by Direct Union. — Ter- 
naries are formed by the direct union of the oxide of a more 
positive atom with the oxide of a less positive or negative 
one. In this case, the name oxide is dropped, and the name 
of the negative takes ate if it terminated before an ic ; or 
ite if it ended before in ous. Whenever water is the nega- 
tive oxide, the body produced is a base ; when it is the posi- 
tive, the ternary is an acid. 

Examples. — Sodium oxide and phosphoric oxide unite to form 
sodium phosphate; here the "oxide" of both is dropped, and the ic of 
the negative oxide is changed into ate. So calcium oxide and sulphu- 
rous oxide form calcium sulphite. Silver oxide and hypo-chlorous 
oxide form silver hypo-chlorite. Again, when hydrogen oxide — wa- 
ter — unites with sulphuric oxide*, hydrogen sulphate, or sulphuric 
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hydroxide) is prixluceil, Hie water baing imw Negnlive. 
Negative oxides are eometiiueg called anhydrides, because / 



they may be formed from acids by the abatractiun of water. 
76. Formation of Tcniarien by Substitution. — Ter- 

narietii are also formed from each other, by subetilutiou. An 
acid, by exchanging its hydrogen for a jjositive aloin, becomes 
a salt; a base, exchanging its hydrogen for a more negative 
substance, becomes also a sail ; a salt may become an acid or 
a base, according as its positive or its negative couslitlieiit is 
replaced by hydrogen ; and by exchanging j>oaitive for nega- 
tive atoms, or the reverse, bases may be converted into nci<ls 
or acids into ba-ses. 

ExAMPLKs. — Hydrogen chlomtfi nr L'hlorie npiil, by eielmnging its 
hydrt^n for barium, becomes barium chlnrate, n mit. Lithhiin \tj- 
drste, or lithic bnse, by eKPlmngitiE its hydroguii fur i-«rlion, beconiea 
litbium carbonate, also a salL Su niagnesluin silicate l>eooniea hydro- 
gen silicate ur silicic acid, by roplnciiig its piiaitive portion by hydro- 
geci, ftiid magnosiuiii hydrate or intijj;ne3ic buGe, by replacing its tiifga- 
tive portion 'br the same elemcnL 

Whenever a base and an acid are brought in cnnlact, a 
Bait and water are produced. Or, graphically, R— O— H 
and R-O-H produce K-O-K and H-O-H. 

. Classlflcatlnn of Ac-ida. — Acids are divided into 
two classeii, called normal or ortho-aalds and mota-aoids. 

1st. Ortho-acidB are those aciils in which all the oxygen 
has a linking function. In tliese acids, therefore, tliere are 
as many atoms of hydrogen and of oxygen — ('. r., of hy- 
droxy! — as is equal to the valence of the negative atom it 
atomic group. 

EXAStFI-KS. 

Cl*'i(OH|, is ortlio-|wrchloric acid. 
C1*HIH)-, h iiiilio-chlom' Bcld. 
ur--(Oll), ii orlhih^'hloroua neid, 
CI'(UH) ifl .irtlfti-bypi>-cblon.us neid. 
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SV'(OH)g is ortho-sulphuric acid. 
S'V(0H)4 is ortho-sulphurous acid. 
S''(0H)2 is ortho-hypo-sulphurous acid. 

2d. Meta-acids are acids which contain saturating as well 
as linking oxygen. The oxygen atoms therefore, in a meta- 
acid, always exceed the hydrogen atoms. 

Examples. 

(CIO) '(OH) is meta-chlorous acid or hydrogen meta-chlorite. 
(C0)"(0H)2 is meta-carbonic acid or hydrogen m eta-carbon ate. 
(PO)'"(OH)3 is meta-phosphoric acid or hydrogen nieta-phosphate. 
(CrO)'^(OH)4 is meta-chromic acid or hydrogen meta-chromate. 
(I0)V(0H)5 is nieta-per-iodic acid or hydrogen meta -per-iodate. 

78. Formation of Meta-acids. — Meta-acids are derived 
from ortho-acids by subtracting from them one or more mole- 
cules of water ; the acid being mono-, di-, or tri-meta, accord- 
ing to the number of molecules of water taken from the 

ortho-acid to form it. 

Examples. 

Svi(OH)g, less H.p, leaves (SO)iv(OH)^, mono-meta-sulphuric acid. 
Svi(OH)g, less (H,0)2, leaves (SO.J"(OH).^, di-nieta-sulphuric acid. 
NV(0H)5, less H^O, leaves (N0)'"(0H)3, mono-meta-nitric acid. 
NV(0H)5, less (HjO).^, leaves (NO.J'(OH), di-meta-nitric acid. 
As'"(0H)3, less H^O, leaves ( AsO)'(OH), niono-ineta-arsenous acid. 

The precise manner in which the molecule is affected by 
this abstraction of water is represented by the following 
graphic formulas showing the production of the meta-per- 
chloric acids: 

Ortho' Mono-meta- Di-meta- Tri-meta- 

perchloric. perchloric. perchloric, perchloric. 

ju ^ ^ Q 

^o^ \ /^ ^o^ II ^^ a II 

viO-^-o/, ev-^^v, v\o-a=o o=a=o 



^ ^ 



X 



Every molecule of water thus 'removed, it should be ob- 



TERTfAUr MOLECntES. 45 

serveiJ, leaves fine atom of saturating oxygen. Heuce every 
mono-raeta-acid bas one such atom, every di-meta-acid two, 
and every tri-meta-acid three. 

TABULAR VIEW OF ORTHO- AND META-AtlDS. 

jtfoim* ilynds Trladu TflnuH Penladi Hemilt Utptadi 

Ortim hJio n,llto, Hjtoj n.feo, H^kt\ H,&(), H,'!(to, 

M.iri,MiiPt,v hKo^ H,!fto, hJw, H.'feOs H,'^0,, 

l)i-N,utji Hl^io,, H^'feo, HililK 

Xn.,„L.iu .' B%) 

79. Basicity of Acids. — The hydrogen in an acid whicli 
i linked tu the atomic group by oxygen is called basic 

bydrogen because it ia readily exchanged for a more i>08i- 
tive atom or group of atouia. Acids are said to be mono- 
baeic, di-baflie, tri-baaic, or tetra-hasic, according as they con- 
tain one, two, three, or four atoms of basic hydrogen. All 
acids are poly-baiiic which eontaiu witliio thi'ir molecules 
more than irae of these hydroxyl groupn. 

Examples. 
(NO,)'(UH), di-metn-nitrio acid, is nion.ibBdr'. 
(CU|"(U11),. inonu-niHtu-carbiiiiiL- nolJ, U dibnBic. 
B'"(OH)^ orthu-boric acid, is tribaHic 

In all ortho-acids the bawitity is, of coiirtic, equul to ihc 
valence of the n^jative atom. 

80. OrtlK>- and Meta-boses. — Like acids, bases may lie 
either ortho- or meta-, and for the same realms. But, »'nwe 
positive atoms rarely vary in valence, but a very few meta- 
buses are known. 

EXAMPLKS. 

K'(OH) is ortho-polnasi« hnau, -or ortho-potflssiain hyilrnle. 
Cii"|OH), is urtbO'Citlpii: hu^tt, or orttio-cnkiuin hydrate. 
Pti^jOH), h ortho-pliitinic buFte, or ortho-plaliaiu hydrate. 
Fe,''<(OH}g is urtlie-ferrlc base, or ortho-farriu bydrnte. 
ZrO(OH), is iiieta-Nirconic Ijobb, or ineW-nirtioiiiura hydfiilo. 
Pe,«0,(OH), ia di-nietii-rerrio bnsp, or ai-ineta-ferric hydmte. 
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81. Acidity of Bases. — ^The hydrogen of a base is called 
acid hydrogen, because it is replaceable by a negative atom. 
The acidity of a base depends upon the number of hydroxyl 
groups, like the basicity of an acid. Bases are mon-acid, di- 
acid, tri-acid, etc., as acids are mono-basic, etc. 

Examples. 

Argentic base Ag'(OH) is mon-acid. 
Ferrous base Fe"(0H)2 is di-acid. 
Aluminic base Ar"(0H)3 is tri-acid. 

82. Formation of Salts. — Salts are formed from acids 
by replacing their basic hydrogen by positive atoms. 

If the acid has its systematic name, the name of the salt 
is obtained from it by putting the name of the positive atom 
in place of the hydrogen. 

If the acid has its common name, the name of the salt is 
formed by placing the name of the positive atom first, fol- 
lowed by that of the acid, the termination io being changed 

to ate, and ous to ite. 

Examples. 

Hydrogen nitrate, or nitric acid, and sodium, give sodium nitrate. 

Hydrogen chlorite, or chlorous acid, and barium, give barium chlo- 
rite. 

Hydrogen hypo-iodite, or hypo-iodous acid, and zinc, give zinc 

hypo-iodite. 

83. Formulas of Salts. — In writing the formula of a 
salt, regard must be had both to the basicity of the acid 
and to the valence of the replacing atom. As many mole- 
cules of the acid must be taken as is necessary to furnish a 
number of hydrogen-atoms equal to the least common mul- 
tiple of the basicity of the acid and the valence of the re- 
placing atom. 

Examples. — It is required to write the formula of calcium phos- 
phate. Calcium phosphate is derived from hydrogen phosphate — 
phosphoric acid — by replacing hydrogen by calcium. The formula 
of mono-meta-phosphoric acid — the most common form, and there- 
fore referred to when no other is specified — is PO'"(OH).{ or more 
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conveniently, H3PO4. Calcium is a dyad; the acid is tri-basic; the 
least common multiple of two and three is six; as many molecules 
of the acid are required as is necessary to yield six hydrogen atoms ; 
this number is two, written (HgPO^).^, or for convenience of replace- 
ment Hg(P04)2. The six atoms of hydrogen can be exchanged for 
three of Ca"; making this change, we have C2i"^{V0^).^, or calcium 
phosphate. 

Mono-basic Acids. 



Na' 
Ca" 
Bi'" 

Zr<v 



and HNO3 

and (HN02)2 
and (HC10.,)3 
and (HPOg)^ 



u 



(i 



u 



Ba" 



and H2SO3 
and H2CO3 

Au% and (H,CrO,), 
Pt'v and (H28OJ2 



Ag'.^ and HgAsO^ 

Zn-3 and(H3lOJ, 

Bi'" and H3NO, 

SniV3 and (H.SbO^)^ 



give Na'NOg 

Ca"(N02)2 
Bi'"(C103), 
Zr.v(P03J, 

Di'basic Acids. » 

give K',SO, 
" Ba"CO., 
Au"'j(CrO^), 
Pti»(SO,), 



(( 



(( 



Tj'i'basic Acids. 

give Ag'gAsO, 
" Zn'yiOJ, 
" Bi'"(NOJ 
" SniV3(Sb03), 



Cs', and H^SiC^ 
Fe"., and H.SeO^ 
Au% and (H,C0J3 
ZHV tind H^TcO^ 



Tcfra-basic Acids. 

give Cs^SiO^ 
Fe^^SeO^ 
Au-(COJ., 
Zr'VTeO, 



(( 



u 



Sodium nitrate. 
Calcium nitrite. 
Bismuthous chlorate. 
Zirconium phosphate. 

Potassium sulphite. 
Barium carbonate. 
Auric chromate. 
Platinic sulphate. 



Silver arsenate. 
Zinc iodate. 
Bismuthous nitrate. 
Stannic antinionite. 



Caesium silicate. 
Ferrous selenato. 
Auric carbonate. 
Zirconium tellurite. 



84. Salts derived from Bases. — Salts may be derived 
from basert as well as from acids. They are viewed as so 
derived only in a few cases, where they form a peculiar class 
of basic salts. 

85. Noriualy Acid, Basic, and Double Salts. — Nor- 
mal salts are salts Tvhich contain neither basic nor acid 
hydrogren. They are formed by the complete replacement 
of the hydrogen of an acid or a base. 

Acid salts arc^ those which contain basic hydrogren. 
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The replacement in the acid being only partial, the salt still 
acts like an acid, turning vegetable blues to reds. 

Basic salts are salts formed by the partial replace- 
ment of the hydrogren of a base by a negrative atom. 
They contain therefore acid hydrogen, and often act like a 
base upon vegetable colors. 

Double salts are salts containingr two or more differ- 
ent positive atoms. 

Examples. 
Normal Salis. Acid Salts. 

Potassium chlorate KCIO3 IIv(liQ-:° 7^]inr7 c»ipi,u«.nM-..fc^r> 

Calcium sulphate Ca'^SO^ '^^y^^^^^-^ft^sJM'?^ f>«rbfmat,5^ F^V^^^ 

Ri i muthoin phniphnt i o T ^i^^^PO^ Hy^lrrwhnrium phoiphwta HBaPO^ 
po dium s ili cu to Na-j ^ iO g jIvdro-cupric-MlWte HtyC uJSiC^ 

Basic Salts. 

Lead hydro-nitrate H(N02)TbO, 

Copper hydro-acetate H(Ac)'Cu02 
Mercuric hydro-iodite H(I0)'Hg02 
Aluminic hydro-silicate H^Si'^Al^Og 

Double Salts. 

Potassio sodium selenate KNaSeO^ 
Sodio-calcium antimonate NaCa^SbO^ 
Baro-zincic silicate Ba'^Zn^'SiO^ 

Csesio-rubidic carbonate Cs'Rb'COg 

Mono-basic acids can form only normal salts. Poly-basic 
acids can form normal, acid, and double salts. 

80. Empirical and Rational Formulas. — An empir- 
ical or experimental formula is one derived from analysis. 
It expresses the kind and relative number of atoms in the 
molecule. It may be also a true molecular formula, in 
which case it expresses the absolute number of atoms the 
I molecule contains. 

A rational formula not only expresses the kind and the 
absolute number of atcmis contained in any molecule, but 
also indicates how those atoms are arrangred. All graphic 
formulas are rational . 
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ExAMi-j.Es,— HNU,, t;.iCI,0,, U(-Ci. (.-iiClOfl nre «l! empirkal /or- 
■midiit, deriviiil from an)ily»iB. Tbs first Lwo ure mulecul&r, and ex- 
press tlie nbaolute number of utoine; but tbn tnnlefular furmulan of 
the second two are Hg,Cl, nod Cu.jCI,Ug, the jiiolocule having twice 
the mRsa in eitch CHiiO. 

repreafiiila 



Ther 


ation 


al furniul 


s of t1. 


four budiua 


above givBi., re 


grBphicHlIy, u 


IT?: 
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II 

N- 
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-OH 


0-CI 

L 
A-c, 


Hg-C 
4-C 




II 
and CI— 
II 



0— Cii-Cu-O 


Thos 


OH, substiinces 


uro thiu 


ropreteiiled 


U, sy^„^x>U: 




(NO 


|0H, C.{gg], 


iiSI' ■ 


. _tCuO(CIOj) 
""ICuOtClO,) 



87. Snlphur and Selenium Acids, Btmes, und Salts. I 

The atoms of ternary moleoules may be united by the neg- 
ative dyads sulphur iiiid eelcniuni, uh well ae by oxygen. 
These molecules are named and formulated in precisely the 
same way as those formed by oxygen, and are diatiDgiiished 
from these by the prefix sulph- or eelen-, given to the neg- 
ative name. 

EsAHPLie. 



Afi(OH)j Hydrogen 
8b(0Ag], Silver Hilt 
SbO(ONa), Sod. anti 
SbO(OK), PotHB. mil 



Hnito ■As(SH), Hydnigen sulph-a' 
>iilte Sb(SAg), Silver Bulph-aritin 
mate BI>S(8Nh), Sod. sulph-antii 
oiiHte SbSe(SeE), Potii8.eelon-iintimoniits.|J 



'he sulphur and Bclenium in a molecule may be tnturald 

, or linking, or bntlv Tliese two Eubntiitires, and alM 

isygeu, may co-exist in the saioe molecule. 



§ 3. Ternakv MoLEcn^a uxited by Triads. 

88. ClnsHmcHtlon of Molecules united by NltroBen.^ 

The negntive ti-iads which may perform a linking function 
are nitroften, phosphor us, and arsenic. Of lliese, hut a few 
compounds united by phosphorus or arscuic, and these com- 
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paratively unimportant, are known. Molecules whose atoms 
are united by nitrogen are divided into three classes, on the 
same principle upon which those united by negative dyads 
are classified. These classes are called amides, amines, and 
alkalamides. 

89. Definition of an Amide. — An amide is made up 
of molecules consisting of one or more negative atoms united 
by nitrogen to hydrogen. _ 

The general formula of an amide is R--N=H.^. 

90. Definition of an Amine. — An amine-molecule 
consists of one or more positive atoms united by nitrogen 
to hydrogen. \ 

The general formula of an amine is R~N=H2. 

91. Definition of an Alkalamide. — An alkalamide- 
molecule contains both positive and negative atoms united 
by nitrogen. H 

The general formula of an alkalamide is R — N — R. 

92. Ammonia Type. — An ammonia - molecule consists 
of three hydrogen-atoms linked together by nitrogen thus, 

H 

I 
H— N— H. By exchanging a portion of the hydrogen for 

one or more negative atoms, an amide results ; for one or 
more positive atoms an amine is obtained ; and for one posi- 
tive and one negative, an alkalamide results. These three 
classes of bodies have a structure similar to that of ammonia. 
They are said therefore to belong to the ammonia type. 
Amides and amines are often regarded as compounds of 

the monad radical (H^N)', amidogen. United to R, it gives 

+ 
an amide ; to R, an amine. 

93. Naming of Derived Ammonias. — Amides and 
amines are called primary, secondary, or tertiary, accord- 
ing as one, two, or three of the hydrogen-atoms are replaced. 
The individual substances are named by prefixing the Greek 
numerals: to the name of the replacing atom. 
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H 



Exam PL K8.- 


—Writing ammonia thus, H J- N, 


we may have 




Primary. 


— ^ 
Secondary, 


Tertiary. 


tVniide 


n'JN 


1) 

1 In 

H 


on 

01 tN 
CI J 




Cyanamide. 


Din-iodamide. 


Tri-chloramide, 


A.mine 


H In 

HJ 


Na-j 

Na In 

H 


Rb) 

RblN 
Rb 




Potassamim. 


Di-8odamiiie. 


TH-rubidamine. 


fVlkalaiiiide 




CI In 

H 


K yN 
01 J 





Chloro-potassamide. ClUoro-di-jMlatsmmidc. 

Amides, amines, and alkalamides, regarded as derivative 
ammonias, are called mon-amides, di-amides, tri-amides, 
tetr-amides, etc., according to the number of nitrogen- 
atoms in the type. 

Examples. 





Mono, 


Di 


Tri. 


Amide 


'^%Y 


H, In.. 
hJ - 


(PO)"') 




Nitryl-mon-am ide. 


Carbon yl-di-am ide. 


Photfphoryl-tri-amid( 


Amine 


Na) 

H In 

hJ 




Bi'" ) 




Sodio-mon-amine. 


Zinc-di-aminc. 


Biiattvth-tTi-amine. 


Alkulamidc 


Nii-k 
IN 
HJ 


(CO)") 

Hg" N, 


Bi'" -J 

(PorlN, 

hJ 




t>tHtio-iod-amide. 


Mercuro-carbon yl- 
di-amide. 


Bufmuih-phosfthoryl 
tri-amiae. 



Tertiary derivatives are included here because of their 
similar origin. Many of them really belong with binary 
compounds. These bodies are sometimes called nitriles, and 
secondary derivatives are sometimes called imides. 



52 



THEORETICAL CHEMISTRY. 



94. Mixed Compounds of Hydroxyl and Amido- 
gen. — As those bodies which are formed on the water type 
may be viewed as binary compounds of hydroxyl, and those 
which are formed on the ammonia type as similar compounds 
of amidogen, it is evident that a poly-equivalent radical may 
combine with both these residues at once, thus forming com- 
pounds intermediate between those of the two groups men- 
tioned. If the poly-equivalent radical be negative, the bodies 
produced are called amic acids ; if positive, amid-hy- 
drates. 

Examples. — Sulphuryl (SO.^)", the radical of sulphuric acid, forms 
in this way sulphamic acid (SOg)" I (()V\ ? • -^"d zinc, a positive dyad, 
forms Zn< /qux zin cam id-hydrate. 



Element 
Binary 

Acid 
Uase 

Salt 



Amide 
Amine 





TABULAR VIEW OF MOLECULAR STRUCTURE. 




' Like Atoms ...... 


Molecules - 




United directly 

r _ 




Unlike 
Atoms 




' By a Dyad 


R and H, 
fi and H, 




United 




^ R and R, 




.indirectly 


f 






R and H, 








. By a Triad - 


]fe and H, 



+ 



[ R and R, Alkalamide 

95. Recapitulation. — I. Molecules are of two classes : 
1st. Those composed of like atoms and called Element- 
ary. 

2d. Those composed of unlike atoms and called Com- 
pound. 

II. All compound molecules are of two classes : 
1st. Those whose atoms are directly united, called Binary. 
2d. Those whose atoms are indirectly united, called Ter- 
nary. 
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III. Ternary molecules are of two classes : 

1st. Those in which the linking atoih is a dyad, called 
Hydrates. 

2d. Those in which the linking' atom is a triad, called 
Compound Ammonias. 

IV. Hydrates are divided into three classes : 

1st. Acid hydrates, or acids, which consist of a negative 
atom or radical, united to hydrogen. 

2d. Basic hydrates, or bases, which consist of a positive 
atom or radical, united to hydrogen. 

8(1. Salts, which consist of a positive atom or radical, 
united to a negative atom or radical. 

V. Compound Ammonias are divided into three classes : 
Ist. Amides, containing a negative radical united to hy- 
drogen. 

2d. Amines, containing a positive radical united to hy- 
drogen. 

3d. Alkalamides, containing a positive radical united to 
a negative radical. 



N« •^i^ % 
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EXERCISES. 

§1- 

1. How many atoms may a compound molecule contain? 

2. How is the molecular mass of such a molecule obtained? 

3. How many bonds may there be in a compound molecule? How 
many perissad atoms? 

4. Define a Binary molecule. A Ternary molecule. 
6. Give the rule for naming Binaries. Illustrate it. 

6. Platinum forms two compounds with bromine; name them. 

7. What atoms have more than two valences? 

8. What are the oxides of phosphorus? The chlorides? 

9. What are formulas, and how are they written ? 

10. Give the formula of potassium iodide; of lead sulphide; of 
phosphorous nitride; of calcium chloride; of gold oxide; of silver 
arsenide; of silicic bromide; of antimonous oxide. 

11. Give the names of NaCl, SrO. BiP, Cu^As.^, fCS.^).^, (SnO)^. 

12. How do atoms of different valences combine? 

13 How are compound molecules formed from elemental ones? 

14. Define compound radicals. Hovv are they named? . 

15. How is variation in atomic valence explained? 

§2. 

16. How are ternary molecules united? By what dyads? 

17. Define and explain the general formula of an acid, a base, and 
a salt. 

18. What is the water type? 

19. What comi)ounds are formeil by the union of potassium to 
monad, triad, pentad, and heptad chlorine successively, by oxygen? 

20. What are the con.<?tituents of silver phosphate; lithium carbon- 
ate; zinc hydrate; hydrogen bromale; manganous phosphate; mer- 
curous nitrate? 

21. What are the formulas of silicic, chromic, iodous, carbonic, hypo- 
sulphurous, bromous, and titanic acids? 

22. Illustrate the formation of ternaries by direct union. 

23. What is produced when lead oxide and nitrous oxide unite? 
bisnmthous and selenic oxides? hydrogen and sulphuric oxides? 
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24. How is barium sulpTiite produced by substitution? Mercurous 
hypo-chlorite? 
•25. Define ortho- and meta-acids. How are the latter derived? 

26. Which is HjPO^? HOlO? HAsO.^? H^SeOj? H^WOJ 

27. Give the general formula of the mona-meta-acid of a triad ; of 
a pentad ; of a hexad. 

28. De&iie basicity of acids. What is a tetra-basic and a poly-basic 
acid ? 

29. What is a poly-acid base? What is HNaO? KjBaO^? HAuOj? 
HgBiOa? 

30. How is the name of a salt derived from that of an acid ? 

31. Give the rule for writing salt-formulas. 

32. Write the formulas of sodium bromate; calcium hypo-chlorite; 
platinic antimonate; stannic chromate; potassium borate; lead arsen- 
ite; manganous carbonate. 

33. Define and illustrate normal, acid, basic, and double salts. 

34. Distinguish an experimental from a rational formula. 

35. Give the empirical, rational, and graphic formulas of calcium 
nitrate. Of mercurous phosphate. 

36. Give the formula of silver sulpho-stannate. 

§3. 

37. What are amides? Amines? Alkalamides? How are they 
named? To what type do they belong? 

38. What is a primary amine? A tertiary di-amide? 

39. Write the formula of sodamine, chloramide, sulphamide, phus- 
phamic acid. 
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CHAPTER FOURTH. 

VOLUME-RELATIONS OF MOLECULES. 

§ 1. Relation of Density to Atomic Mass. 

96. Molecular Volume. — By the law of Avogadro, all 
molecules have the same size ; that is, all molecules when in 
the gaseous state occupy the same volume. Every molecular 
formula, therefore, not only expresses the mass of the mole- 
cule, but also the volume which it occupies. The molecule 
of hydrogen is taken as the standard of molecular volume ; 
but, as it is sometimes convenient to speak of atomic volume 
— which, since atoms in general can not exist free, must be 
a fiction — the volume occupied by the atom of hydrogen is 
taken as unity ; the volume occupied by the molecule will, 
therefore, be two. Moreover, as all molecules occupy the 
same volume, the molecular volume of all substances is as- 
sumed to be two, also. 

97. Relation of Molecular Mass to Density. — Since 
molecular mass represents the mass of two volumes, and rel- 
ative density represents the mass of one, the relative density 
of any homogeneous substance in the state of gas is one half 
its molecular mass. 

Examples. — Ammonia gas, whose molecular formula is H3N, has 
a molecular mass of 3-|-14 or 17. By the above rule, its calculated 
relative density is 17-r-2 or 8*5; i. e., it has 8-5 times the mass of hydro- 
gen. An experiment with the balance shows that the mass of one 
liter of ammonia gas is 0*7627 grams. As the mass of one liter of 
hydrogen gas is 0-0896 grams, the relative experimental density of 
ammonia gas is 0-7627h-0-0896 or 85. 

98. Molecular Mass Fixed by Density. — Conversely, 
knowing the relative density, the molecular mass may be 
obtained by doubling it. 
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The analysis of any horaof^encous substance gives the ratio 
of the constitueDts uoly, uot their absolute masses. Ou ana- 
lytical grounds, therefore, several molecular masses, all mul- 
tiples of the lowest, may be attributed to the boily analyzed. 
By taking the relative density of ihe substance in the state 
of vapor, however, and doubling it, the true molecular mass 
is determined. 

Examples. — The iinulysis of hydrogen oxide — wnter — shows that 
in 100 parts of il there are 88-89 partg of oxygen and 1M1 piirts of 
hydrogen. The ratio of ll'll : 8888 is 1 : 8. If the molecule eon- 
tain one part iif hydrogen and eight parts of oxygen, its moleeuljir 
mass will be l-fS or S. But it may contain two, three, fuur or Ave 
times this quantity of eaeh constituent, and yet yield the same ana- 
lyticul reeulta. Its molecular mass, so fur ns nnulyeis goes, may bo 9, 
IS, 27, 3tl, 45, eti'. Upon weighing now a liter of water-gas — steuiii — 
its mau is found to be 0-B04T gmms; whence its relative density is 
0-8047 -r-0'0896, or 9. and its molecular mass is 9X2 or 18. Wftter 
therefore consists of 2 parts of hydrogen and 16 parts of oxygen in 
eiicb molecule. 

Agiiin, cilefiant gas — a oompound of carbon and hydrogen — atfords 
on analysis 80-Tl per cent of carbon and 14'29 per cent of hydrogen, 
which is the ratio of 6 : 1. There mny be then 6 parts of carbon to 
one of hydrogen in the molecule, in which case the molecular mass 
of oleilant gas will be 7; or 12 parts of carbon to two of hydrogen, 
when it will be T4; or 18 to 3, giving 21; or 24 to 4, giving 28; the 
ratio in all those cases being the same. By experiment the mass of 
une liter of oleflant gas is 1-252 grams. Its relutive density therefore, 
is 1-2&S-^0-089B, or 14, and its molecular masx 14X2 or 28. Hence 
une molecule of olefiant gas contains 24 parts of carbon and 4 parts 
of hydrogen. 

99. Aid in Determining Atomic Mass. — The atomic 
mass of any simple substance is the smallest mass of it which 
can enter into the formation of n molecule. By ascertain- 
ing, therefore, the molecular masses of various compounds 
of the same element, and by comparing together the raasses 
of this element which they sevei-ally contain, it is easy to lix 
itsatiiiiiit- mass. 
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Examples. — A molecule of water contains 16 parts of oxygen ; a 
niolecule of carbonic gas, 3*2 parts ; a molecule of sulphuric oxide, 48 
ptlrts; etc. In no known compound, however, is there less than 16 
parts of oxygen in a molecule; 16 is therefore the atomic mass of 
oxygen. 

Again, a molecule of marsh-gas contains 12 parts of carbon, a 
molecule of olefiant gas 24, a molecule of glycerin 36, a molecule of 
tartaric acid 48, a molecule of citric acid 72. The smallest of these 
numbers, 12, is therefore the atomic mass of carbon ; and the bodies 
above mentioned contain in each molecule, one, two, three, four, five, 
and six atoms of carbon,, respectively. 



§ 2. Relation of Gaseous Diffusion to Atomic Mass. 

100. Gaseous Diflfiision. — In 1825, Dobereiner, having 
collected some hydrogen gas in a cracked jar, standing over 
water, noticed that the level of the water within the jar rose 
one and a half inches in twelve hours ; a result obviously 
due to the escape of the hydrogen through the crack. Gra- 
ham found, on repeating the experiment, that as the hydro- 
gen escaped outward, a portion of air, much less in amount, 
entered the jar. And on investigation he ascertained that 
gases, even when separated by porous partitions, pass freely 
into each other. This mutual passage of one gas into an- 
other is called diflfusion. 

101. Graham's Law of DifTusion. — Graham showed 
experimentally that the rapidity with which different gases 
diffuse into each other varies for each gas ; and also that 
this rapidity stands in intimate relation to the relative den- 
sity of the gas. This relation is expressed in the following 
law: 

The velocity of the diffusion of any gras is inversely 
proportional to the square root of its relative density. 

102. explanation of Diffusion. — Physics assumes that 
all gaseous molecules are in rapid motion in straight lines. 
Now, as the pressure upon all gaseous volumes is equal — 



1 
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being the atmospheric pressure — and us this pressure is ex- 
actly balanced by the elasticity of the gas — due to the direct 
outwartl imiiat^t of its molecules — it follows, from Avogadro's 
law, that the liiipact of all gaaeous molecules is equal. 

Moreover, in dynamics, impact is proportional to the 
[)roduct of the mass into the square of the velocity. Since, 
therefore, molecules differ in mass, it is obvious that the 
lighter oues must move faster than the more massive ones, 
to produce the same effect. If one tuolecule has four times 
the mass of aoother, the latter needs to move twice as faat 
to strike the same effective blow ; siuce 4 times 1' is the 
same as once 2', both being 4. By the supposition, the masBes 
of the molecules are as 4 ; 1 ; their velocities therefore must 
be as 1 : 2. Hence their velocities are inversely as the square 
roots of their molecular masses ; or, what is the same thing, 
of their relative densities ; which is the law of diffusion, de- 
duced by Graham from experiment. 

ExAHPLEs.— -The reliilive density of mygen being 16. a. molecule 
cif oxygen hae 16 times llie mass uf u molecule af liydriigeii, Tlie 
elasticity of both gases under tlie atmospheric preflsure is the ssiiie. 
Hut, tliHt tlie iniptict should be tin; same, tbe lighter or hydrogeji mol- 
ecule must move 4 times us fast ub tlie more mnsaive or oxygen mole- 



Ifi X !■ = 1x4' 

That is, hydrogen molecules sliould move with Tour tiinos the velocity 
of nsygen mijlei'ules. 

Using a thiu graphite plate hs n pertitiun, Graham found experi- 
mentiilly. that, taking air ae unity, the nitio of tlie dtfiusion of oiygun 
i« Co thiit of hydrogen as 0^5 : 3-83. But 0-95 : 3-83 : : 1 : 4. As a 
niHtter of fart, tliereforu, hydnigeti molecules do move 4 times foster 
tliHii oxygen tinilecuk-H. 

103. Determination i*l Molecular Mash by IMffU- 
Hinn. — If the velocity of dlffiisi'jn of auy gas is equal to the 
inverse square root of its relative density, then the relative 
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density of any gas must be equal to the inverse square of 
its velocity of diffusion. Or mathematically, — calling V the 

velocity of diffusion and D the relative density — if V= "TTT 

then D=Y^. Of course, by doubling the relative density 
thus given, the molecular mass is obtained. 

Examples. — By Graham's table of ditfusibilities, carbonic gas has 
a diffusive power of 0-812 as compared with air, or of 0*212 as com- 
pared with hydrogen. ButD=:=Y^; hence D = 7^7^-=: 22-22. The 

rehitive density of carbonic gas being 22-22, its molecular mass must 
be 22-22X2 or 44-44. Analysis shows it to be 22, 4 1, 66, 88, etc. Dif- 
fusion fixes it as the second of these numbers. It was in this way 
that Soret determined the relative density, and thence the molecular 
mass, of ozone. 

§ 3. Combination by Volume. 

104. Law of Combination by Volume. — ^The propor- 
tions in which gaseous volumes enter into combination were 
first investigated by Gay-Lussac. His law asserts : 

1st. That the ratio in which g'ases combine by volume 
is always a simple one ; and 

2d. That the volume of the resulting" gaseous product 
bears a simple ratio to the volumes of its constituents. 

105. Deduction of this Law. — The law of combina- 
tion by volume, which, in Gay-Lussac's time, was purely ex- 
perimental, has been recently shown by Clausius to be a very 
simple deduction from the law of Avogadro. 

According to Avogadro's law, equal volumes of all gases 
contain the same number of molecules. If, therefore, the 
number of molecules be in any way diminished, the vol- 
ume itself will be diminished proportionally. Suppose now, 
that in the given volume of any gas, each molecule is di- 
atomic, i. 6., contains but two atoms; then, if by any means 
the molecule can be made tetr-atomic, /. e., four-atomed,— 
the absolute number of atoms remaining the same — the nuni- 
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ber of molfcules will be reduced one lialf, fince each mole- 
cule contaiuB twice as many atoms. But by this reductimi 
in the number of moleeulet* a corresponding diuiiuiition in 
volume takes place, and the volume of the gas is reduced 
one half also. 

Again, if the di-atomic molecule become tri-atomic, the 
number o{ molecules would lie reduced by oue third. Hence, 
the volume originally occupied by these molecules would be 
reduced in the same ratio. 

106. AppUcattoti of Clansfua'a Theory. — To apply 
this reasouiug to the facts of volume-combinations, let us 
consider separately the combinations which hydrogen fortne 
with the four valence groups, mouaiis, dyads, triads, and 
tetrads, supposing their molecules to be all di-atomic. 

FiKST CASE.^In the case of monads, oue atx>m combiues 
with one atom of hydrogen ; and since the raolecides of both 
are di-atomic. a molecule will combine with one molecule, 
and a volume with one volume of hydrogen. All bodies 
consisting of di-atomic molecules made up of iiioniiil atoms, 
combine, therefore, iu equal vitlumes. 

Further, when the mouad atom aud the hydrogen-atom 
ci>mbine, they foi'm a di-atomic molecule precisely like a mol- 
ecule of either of its constituents, except that its atoms are 
unlike. The two di-atomic simple molecules form two di- 
atomic compound molecules. Two volumes of simple gases 
give two volumes of a compound gas. 

Substances of the first clasd, then, — i. c, monads — ^com- 
bine with each other volume to volume, and yield two vol- 
umes of the product. 

ExAMi>LES. — A clilnrine Rtnin 01, unites with a eiiiglo liydriigeti 

Btom H. to form HCl, both being monB.U. As the niulefules ,.f buUi 

e di-alomic!, tliOBe ijltslniiceK unite molecule tu niolmmlo. ur vnluine 

to volume. Oti mixing tlie vol'ime of ['hluriiio witli Uie vuluiiio of 

hydrngen end expoaint; llieni to suuliglit, tliej- unito lii furni liydru- 

' ge)i chlurlJ'i gns, eavli miilecule at wiiii'li is di-ntomii', mjitiiiMkii;; oita 
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chlorine atom and one liydrogen atom. Tlie number of molecules 
after the union being the same as befoie, the volumes are unaflected. 
To represent it molecularly: 

H CI H-CI 

I and I give 
H CI H— CI 

Or in volumes, — 



H^ and I OI.^ 



HCl 
yield 

HOI 



Second case. — If the atom taken be a dyad, then it will 
unite with two atoms of hydrogen ; or one molecule will 
unite with two molecules, or one volume with two volumes. 
Dyads, therefore, combine with monads in the ratio of one 
volume to two volumes. 

Moreover, the molecule which results from the union of 
one dyad atom with two monad atoms will be tri-atomic. 
As before union they were di-atomic, three molecules then, 
make but two now. The total number of molecules is one 
third less than before ; and, of course, the volume is dimin- 
ished in the same ratio. Two volumes of one gas and one 
volume of the other give three volumes; after combination, 
but two volumes remain. So that three volumes of simple 
gases give two volumes of a compound gas, a condensation 
of three volumes to two taking place during union. 

Substances of the second class, then, — i. e. dyads — com- 
bine with monads in the ratio of one volume to two, and 
yield two volumes of the product. 

Examples. — The atom of oxygen is bivalent; its molecule is di- 
atomic. Assuming a fixed number of molecules in the t^iven volume, 
say 100, then the 200 atoms in these 100 molecules will unite with 400 
atoms, or 200 molecules of hydrorjen, producing 600 atoms. In other 
words, one volume of oxygen will combine with two volumes of hy- 
drogen. Now the water-molecule which results contains 3 atoms, 2 
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of them hydrogen and one oxygen ; the 600 atoms of these substances 
above mentioned will therefore give 200 water-molecules, which, by 
the assumption above, occupy 'two volumes. Hence one volume of 
oxygen and two volumes of hydrogen yield two volumes of water-gas. 

Third case. — One triad atom unites with three monad 
atoms, one molecule with three molecules, one volume with 
three volumes. The original simple molecules contain two 
atoms, the resulting compound molecule, four ; the numl)er 
of molecules, and hence the corresponding volume, is there- 
fore reduced one half, four volumes being condense<l into 
two. 

Substances of the third class, i. 6., triads, unite with mon- 
ads in the ratio of one volume to three, and yield two vol- 
umes of the product. 

Examples. — One atom of nitrogen unites with three atoms of hy- 
drogen to form ammonia. One molecule of nitrogen and thiee mole- 
cules of hydrogen give two molecules of ammonia. 

N HHH HHH N 
and I I I give ^ . ' ' v 



N HHH N HHH 

Four di-atomic give two tetr-atomic molecules. Hence one volume 
of nitrogen and three volumes of hydrogen form two volumes of am- 
monia gas. 

Fourth case. — Lastly, one tetrad atom unites with four 
monad atoms, one tetrad molecule with four monad mole- 
cules, one volume of any tetrad with four volumes of any 
monad. The resulting molecule contains ^wa atoms, and 
hence the ^wa original volumes are condensed to two. 

Substances of the fourth class, i. e., tetrads, unite with 
monads in the ratio of one volume to four, and vield two 
volumes of the product. 

Examples. — One atom of carbon and four atoms of hydn^gcMi 
unite to form mnrsh gas. That is, C.^ and (H.^)4 give (H^C)2; or five 
di-atomic give two pent-atomic molecules. Hence one volume of 
carbon gas and four volumes of hydrogen form two volumes of marsh 
gas. 
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107. Recapitulation of Volume-combinations. — The 

various ratios in which combinations by volume take place 
according to Gay-Lussac's law, may be thus represented : 



-f 



-h 



-I- 




J 



+ 
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These results correepimd preciwely with those reqiiirwl l)y 

the law of combination by valence, which, for the uuiou of 

di-aluniic! molecules, gives the fbllowiog fuur oases ; 

1 moleuulo and 1 mulecule K^ye 2 molecules. 

1 molecule and 2 molaciiles give 2 molecules. 

1 molecule and 3 molei^ltleB give 2 molecules. 

1 tnulecule ftnd 4 nioleealua give 2 molecules. 

Or, written out fully to express the atomic character tif 

the molecule : 

MoUeuhs Di-aUtinic. 
I monad niolociilu ond 1 monad molecule give 2 di-Htomit moleculea. 
1 dyad molaeulo mid 2 monad molecules give 2 tri-Ktoniie raoleouiog. 
1 trind molecule and 3 nioiiud moliK-'ules give 2 tetr-ntoinic moln^ules. 
1 tetrad mole<.'ule and 4 monad mulecules give 2 ponl-utomic molecules. 

108. Ctt»e» wliere tlie Eleiueiitul Molecules are nut 
Di-atoiuic. — The cases of this are practically but two in 

number; one where the molecule is mou-atomic, the other 
where it is tetr-atomic. 

First case.— All known nion-atomic molecules are dyads. 

Hence the atomic combination with monad atoms would be : 

1 atom and 2 atoms give 3 atoms. 

And by molecules: 

1 molecule and 1 molecule give 1 molecule. 

Or by volumes : 

1 volume and 1 vuliinie give 1 volume. 

That is, mou-atomic dyad moleculee combine with di- 
atomic monad molecules in the ratio of equal volumes, yield- 
ing one volume of the product. 

ExAMPLBH. — The djftds zinc and mercury have moii-atomic mole- 
cules. Olio atom of zine unites with two atonu of chlorine to form 
zinc chloride; that is, one mon-atomic -Bine molecule unites with one 
di-atumtc molecule of chlorine, to form one tri-ntomic uiolecule of 
zinc chloride. As all molecules have the same size, thia is equivalent 
to laying thiit one volume of zinc-vapor and one volume of chlorine 
gas coinliiiie to give one volume of zinc chloride vapor, a condenm- 

1 of oi<e bull'. 
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Second case. — All known tetr-atomic molecules are tri- 
ads. The atomic combination with monads would therefore 

be : 

1 atom and 3 atoms give 4 atoms. 

And by molecules : 

1 tetr-atomic molecule and 6 di-atomic molecules give 4 tetr-atomic 
molecules. 

Or by volumes : 

1 volume and 6 volumes yield 4 volumes. 

That is, tetr-atomic triad molecules combine with di-atomic 
monad molecules in the ratio of one volume to six volumes, 
yielding four volumes of the product, a condensation of seven 
volumes to four. 

Examples. — Phosphorus is a triad, having a tetr-atomic molecule. 
When it unites with chlorine we have atomically, P and CI3 give 
PCI3; molecularly, P^ and (Cl,)g give (PClgj^, or by volume: 



ci, • 




CI, 
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, i 










PCI, 




PCI., 


CI, 
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CI, 
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PCI, 










PCI, 


CI, 




CI, 



100. Trl-atomic and Hex-atomic Molecules. — The 

law of combination by volume for tri-atomic and hex-atomic 
molecules, should any substances be found to combine in 
this way, can easily be deduced from the principles already 
given. 

The entire foregoing chapter furnishes an excellent illus- 
tration of the intimate mutual relations between Physics and 
Chemistry. Assuming either the physical or the chemical 
data at pleasure, the other can be deduced from it, 
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EXERCISES. 

1. What is molecular volume, and how is it expressed ? 

2. The mass of one liter of carbonic gas (CO.^) is 1*97 grams; what 
is its calculated, and what its experimental, relative density? 

8. Of what assistance is relative density in fixing a molecular 
mass? 

4. Iron chloride contains 34*46 per cent of iron, and 65-64 per cent 
of chlorine ; its relative density is 81 ; what is its molecular mass ? 
How much iron and how much chlorine is there in each molecule? 

6. How is an atomic mass determined by relative density? 

6. Hydrogen bromide contains 1*24 per cent of hydrogen, and 98*76 
of bromine; its relative density is. 40*38. Mercury bromide contains 
65*66 per cent of mercury and 44*44 of bromine; its relative density 
is 179*6. Boron bromide contains 4*38 per cent of boron, 95*62 of bro- 
mine; its relative density is 125*12. Silicon bromide contains 8*04 
per cent of silicon and 91*96 of bromine; its relative density is 173*5. 
What is the atomic mass of bromine ? 

§2. - 

7. What is gaseous diffusion? Give Graham's law. 

8. How is the fact of diffusion explained? Illustrate. 

9. How is molecular mass fixed by diffusion ? 

10. Marsh-gas has a diffusibility of 0.35, that of hydrogen being 1 ; 
what is its molecular mass ? 

83. 

11. Give Gav-Lussac's law of combination by volume. 

12. How may this bo derived from the law of Avogadro? 

13. How do monads combine with hydrogen by volume? Dyads? 
Triads? Tetrads? 

14. In what proportion by volume, do tetrad sulphur and oxygen 
unite? What volume has the product? 

15. Do the volume-combinations as deduced from the law of valence 
agree with those observed by Gay-Lussac ? 

10. How do mercurv and arsenic unite bv volume? 
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CHAPTER FIFTH. 

CHEMICAL REACTIONS. STOICUIOMETRY. 

§ 1. Chemical Equations. 

no. Molecular Stability. — All material molecules are 
more or less liable to chemical change. The atoms withiu 
them may be altered in kind, in number or in relative posi- 
tion, by various external influences. A molecule is the more 
stable in proportion as it resists this tendency to change. 

111. Cliemical Reactions. — Any mutual action which 
takes place between the atoms composing a molecule is called 
a Ohemioal Re-action. Both of the substances acting are 
called Re-asrents. 

Examples. — When a candle burns, the wax and the oxygen of 
the air act mutually upon each other, yielding gaseous products en- 
tirely unlike the wax or the oxygen. When gunpowder explodes the 
various molecules which it contains react upon each other, and a new 
set of products is the result. When the components of a Seidlitz 
powder are mixed together and moistened, they react upon each other, 
producing the well-known effervescence. 

112. Reactions Always Molecular. — Chemical reac- 
tions always take place within the molecule. When, there- 
fore, two substances react upon each other, the changes which 
result may be viewed as taking place between single mole- 
cules of each. Moreover, since all molecules in homogene- 
ous matter are alike, and what is true of one molecule is 
true of any mass of them, it follows that a molecular change 
represents accurately a mass-change. 

113. Reactions Expressed by Formulas. — Every for- 
mula in Chemistry represents a molecule; and as all reac- 
tions are viewed as taking place between molecules, these 
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renctiims nmy \w rqireseuted by tiie usl' of mnlcculur i'ur- 
niiiW. 

114. OlioiiilciLl E<iiiatton8. — C'hemicai reactions are 
unually rejiresentud in the form of equations ; the substances 
uritLTing into tlie reaction — called factors — conBtitutinj^ the 
tirsl member, and those issuing from it— called products — 
the second. 

When two molecules act upon each sther, the equation 
representing tlie reaction may be written by the following 
rule: 

Place the formulas of the factorB— connected by the 
sign plus^as the first member of the equation, and the 
formulas of the products — also connected by the sign 
plus— as t*e second. 

Ex*Mri,K3.— Tlio roiiftiim of the two inulunuli^s AU mij CD would 
bii ruiiruaeiituil thus : 

AB f Op = AD -fCB. 

SoiiiutirueK. tliuugb nir«ly, llie cwiiius siijii la u.'li! iii an fii|Liiitiii[i, tlius; 

ABtl— B = AC. 

11J>. SlaHHcs <>f the Factoro and the Proflucts Equal. 
As each formula represents a definite mass of matter — the 
mnlotiular mass — it follows that the masses of matter taking 
jwrt in a chemical change arc perfectly definite. And, more- 
over, since the atonw are the same after the reaction as be- 
fore it — being only differently associated- — ^It also follows that 
no loss of matter can be the result of any ohemloal 
reaction. The wum of tht; moli'i.*ulur idik-k^w of the |>rod- 
ueti< nniist, therefore, always equal the fum of the molecular 
masses of the factors. 

lltt. Meaning of the Sl^iut. — The equality sign indi- 
cates the equality in mass of Itoth memlwrs of the equation. 
The plus sign means simply "and," and signifies thai the 
molecules thus united are mixed together. The minus sign 
means " from," and Indicates the removal of a simpler group 
of atoiuri from a more complex one. 
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117. Construction of Equations. — Ordinarily the rule 
above given is quite sufficient for the construction of an equa- 
tion, the number of molecules involved being determinable 
by inspection. In some cases, however, where the reaction 
is a complex one, it is convenient to be able to calculate 
the number of molecules. This may readily be done by the 
use of the algebraic method of simultaneous linear equa- 
tions, which may be illustrated as follows : * Suppose it be 
required to write the reaction where tin acts on nitric acid, 
the products being stannic oxide, nitrogen di- oxide, and 
water. Using letters to indicate the number of molecules, 
we have the equation : 

Sn.+ (HNO,),= (SnO,).+ (NA)x+ (H,0), 

Since the number of atoms of each element must be the 
same on the two sides of the equation, w^e have for the tin 
a—w; for the hydrogen, h-=2y; for the nitrogen, b=2x; and 
for the oxygen, Sb=^2w-{-2x+y. Assuming 6=1, and solv- 
ing these equations, we find a=f , a;=^, y=i and w=^ ; or, 
clearing of fractions, a=3, 6=4, ii;=8, x=2 and y=2. Sub- 
stituting these numerical values now for the literal ones 
above given, we have the correct equation : 

Sn3+(HNO,),= (SnO,)3+(N.A)..+ (H,0),, 

118. Classification of Reactions. — Chemical reactions 
are usually divided into three classes, as follows : 

1st. Analytioal reactions ; which represent the separa- 
tion of a complex molecule into simpler ones. 

2d. Ssnithetical reactions ; which represent the union of 
two or more simple molecules, to form a more complex one. 

3d. Metathetioal reactions ; which represent a transpo- 
sition or exchange of atoms between molecules. 

Examples. — Analytical reactions may be represented by Die gen- 
eral equation: AB -- A -f B. 

*A8 suggested by ('. K. MuTiroe. 



(■HEiiiiAL EQr.rnnxs. 



71 



Or, v> take uu iictUHl eiiiinijle, 

tNH,)NO, = N,0 + (H,0), 

Ammiinium nUnUe. WKroflcn mWc Waler. 

wliii:)i is roiid thus: One molecule uf nmiiionluni nitrate yitlda ouf 
inoU'cule of iiitrugcn oxide and two moleculoE af vaiar. 

Sipiiheiical TeuriiuH-i am the i-evenie of annlytiual ; tbey are repre- 
spiilmJ by the geiierH! equation ; 

A + B = AB. 
Ur, u» an actual eXEtinple, 

CaO + Stt, 

CUicium oxide. BaiphMrie ozidt. 
rend thua: Que molecule of calciam oxi 
pliurio oxide yield one mulenule of caluii 



ChSO, 
QUcivm iuliihaU, 
and one molei/ule of sul- 
1 sulphate. 

or transpose — 



f Na(NOj 



tSlTfrch 
i upon a muleoule of sodiu 



Meiaikeiical reactioaa — from ^(TorW^/u, t< 
are repreeented by the generul formula ; 

1b + c5 = AD + £b. 
Or, practically, by tho equation; 

As(NO,l + NaCI = AgCI 

A molecule of silver nit; 

ride, to produce one molecule i)f silver chloride a 

nitrate; nn exoliHnge taking place batwaen positive atoms. 

In all the above examples, each letter in the general equa- 
tiuDB, aud each formula in the special, repreeeDte an entire 
molecule. Less than an entire molecule can not enter into, 
or issue from, any chemical reaction. 

1X0. Oondlttous PavoriiiB Chemical Change. — Fa- 
cility of chemical change depends, to a large extent, upon 
the ease with which the atoms of any molecule may be re- 
arranfred. It ie found, for example, that chemical changes 
take place very readily when the substances acting are in 
the liquid or gaseous state. Hence fualon, or solution, by 
which bodies are liquefied, or vaporization, by which they 
are convei'ted into gases, facilitate chemical action. 

I30. Bert]iolIet'i!i Liaws. — Those conditions of chemical 
change which depend upon B.olubility are stated in the fol- 
lowing general law, first established liy Bertbollet : 
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"Whenever, on mixing' two substances in solution, a 
compound can be formed by a re-arrangrement of their 
atoms, which is insoluble in the menstruum employed, 
such compound will be formed, and will appear as a 
precipitate. 

ExAMPLKS. — If AB be dissolved in water, and CD, also dissolved 
in water, be added to it, then any re-arraiigenient must obviously pro- 
duce AD and CB. AB and CD are soluble in water; but AD, or CB, 
or both, may be insoluble. In either case, the new and insoluble com- 
pound will separate from the solution in the solid form, the liquid 
losing its clearness and becoming turbid. 

The solid substance which thus separates from a solution 
is called a precipitate. Any substance which will produce 
a precipitate when added to a solution of any other substance 
is called a precipitant. The process of producing a precipi- 
tate is called precipitation. 

121. Precipitation both Chemical and Physical. — 
The first step .in precipitation is the re-arrangement of the 
atoms ; this is a chemical result. The second step is the sep- 
aration of the insoluble product ; this depends on the adhe- 
sion between the liquid molecules and those of the solid, and 
hence is a physical result. No conclusion can be drawn, 
therefore, as to the intensity of the chemism, from the mere 
fact of precipitation. 

122. Ljaw of Gaseous Chang:e. — The second law of 
BerthoUet holds when the product of the reaction, instead 
of being a solid and insoluble, is a gas. It may thus be 
stated : 

"Whenever, by the action of bodies upon each other, 
any substance, volatile at the temperature of the ex- 
periment, can be formed by a re-arrang'ement of the 
atoms, such re-arrang'ement will take place, and such 
substance will be evolved as a gas or vapor. 

Examples. — Theoretically, as above, AB and CD, by re-arrange- 
ment, give AD and CB, If AD or CB is volatile at the toinperuture 
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of tlie experiment, il will sepunite frnni tlie solution in the gaseous 
rorni. Or, afiu.tllj, let Nil,(COj) and Hj(SO,) be mixed together in 
solution. By the chemical re-iirrangement, Nu,(SO,) and H,(CU,) 
will be produced. As, however, tbe body Hj(OUj) can not exist iit 
ordinary Uniporiitures, it separiitea into E,0 and CO^; whicli Intter 
substance, being a gas, escapes from the solution. 

Again, on mixing together potassium iiitrute K(NU,) and hydro- 
gen sulphate H,(SOj). there will result by tbe re-arrangement, the 
bodies HK(80,) and H(NU,)— hydro-potusaium aiilphiile, and hydro- 
gen nitrate ; this being the ehemical part of the change. 11' now lieat 
be applied to the mixture, the iiitnc ucid, being volatile, will escape 

The rapid escape of a gaa from a liquid, eucJi as is noticed 
iu mixing BeidliUe |)uwderg, fur example, is (»lted efferrea- 



123, Prediction of Resulte. — Whether a, chemical 

change will actually take place or uot may, in moiiy cofies, 
he predicted by meuus of th^aie laws, if the properties of 
the products be known, ily the use of a table — given in 
the appendix — showing the solubility of various substances, 
all cases under the first lav may be jiredictai; and by hav- 
ing some familiarity with the volatility of various hodiee, 
cases may be predicted under the second law. 

ExAHPLEB.~ir calcium chloride and soJiiim carbonate be mixed 
in solution, will there 1^ a preeipituteT The reaction is thus written: 

CiiCl, -I- Na,(CO,} = Cfl{CO,) + (NaCl), 
Referring to the table, it will be see n that Oa(CO,j calcium carbonate, 
is insoluble. It will thcrofore separate in the solid form and fall as H 
precipitate. 

If, however, an acid be ut the eatne tinj 
stance be soluble in acida, thorn will be n 
mlphidc and femius aulphato be mixed in solution, 
be roprcHcuted by the equatlnn: 

H,jS -I- PefSO,) = 
ity the table, ferruua sulphide (FeS), though insoluble in water. Is 
siilulile in at'iilfi. Vi'avv water aluu« present, this substance would be 



e formed, and the milid eub- 
□ precipitate. If bydrugeii 
[ion would 



- H,(SO,) 
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precipitated; but as sulphuric acid (1X2(804)) is in the solution, being 
set free in the reaction, there will be no precipitate. 

Again, if ammonium sulphate and calcium carbonate be heated 
together, will there be a change? The only possible exchange is the 
following: 

(NHJ^CSO,) + Ca(C03) = (NHj^CCOg) -f Ca(SO,) 

Ammonium Calcium Ammonium Calcium, 

sulphate. carbonate. carbonate. sulphate. 

But ammonium carbonate is volatile; it will therefore escape in vapor, 
leaving the calcium sulphate behind. 

124. Modes of Chemical Action. — Chemical changes 
in matter may take place in five different ways, namely : 

1. By the direct union of simpler molecules to form a more 
complex one. 

2. By the separation of a complex molecule into simpler 
ones. 

3. By the substitution in a molecule of one atom or group 
of atoms for another or for several others. 

4. By the mutual exchange of atoms between molecules. 

5. By the re-arrangement of the atoms within a single 
molecule. 

Examples. — 1st. All synthetical reactions belong to the first class 
of chemi'" ^\ changes ; as : 

Zn + CI2 = ZnG\ 
Zinc. Chlorine. .Zinc chloride. 

2d. All analytical reactions belong to the second class; as: 

H,SO^ = H,0 + SO, 

Hydrogen sulphate. Water. Sidphuric oxide. 

3d. Substitution reactions; as: 

C,H« + CI, = O.HjCl -f HCl 

Ethyl hydride. Chlorine. Ethyl chloride. Hydrogen chloride. 

4th. All metathetical reactions represent the fourth class; as: 

CaCl, + K,(CA) = Ca(C,(),) + (KCl), 
Calcium chloride. Potassium oxalate. Calcium oxidate. Potassium chloride. 

5th. The conversion of ammonium ovanate into urea: 

(NH,)(CN<)) .-- (CO)(H,N), 
Ammonium cyanate. Urea. 
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128. Cbemical Relatione uf Work aiul Energy. — 

III HtmlyiDg tlie euergy-relationa of matter, it is often con- 
venient to consider the bodies eoueemed as formiug mutu- 
ally acting syetema, wharK parts at any iuBlaut are deiinilely 
avranged with reference bi one another. Such a eyetem pos- 
seeses energy, in part potential, due to the relative position 
of it« [larts, in part kinetic, due to their motion. The action 
of one euch eysteiu uputi another consistB eimply in the trane- 
ference of this energy from one to the other ; in doing which 
the one system is said to exert force upon tlie other. It is 
evident, however, that the amount of energy gained hy the 
one system is exactly equal to that which is lost hy the other. 
So that if we include both systems in a single larger system, 
we see that the total energy uf this larger system remains 
unchanged. Hence the total energy of a material system 
can not be changed in amount hy any action going on within 
the system; although it may be eonverted into other forois. 
This ia the principle of the Conservation of Euergy. 

If an agent external to the system act upou it, however, 
its action may be either to iacreaee or to diminish the total 
energy of the system. Whenever work is done upon a sys- 
tem, its euergy h inereaeed ; aiid wiienever the system itself 
does work upon other systems, its euergy is decreased. The 
amount of energy wKich is stored up in a system is always 
exactly equal to the amount of work which is done upon it. 
While we can not measure the total energy of a aysteni, we 
can measure very accurately tbe changes in energy which it 
undergoes. If we suppose a definite system to pass from 
one definite state to another, the energy lost or gained in 
the process is evidently the difference between the energy 
of the system in its initial and final states. Heat is a form 
of euergy; eo that, if we may assume that the energy lost 
or gained is heat-energy, a measurement of the heat gained 
or lost hy the system will give us the increase or decrease of 
energy which the (fystuni undergoes. If a syHtem A whoso 
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potential energy is E^ passes to a system B, whose potential 
energy is E^, less than E^, then the loss of energy in the 
process — due to a change in the position of the parts where- 
by the stress between them is diminished — will evidently be 
Ea— Eu. This energy by supposition appears as heat; so that 
we may write E^ — Eb=H. To return the system B to its 
original state A, on the other hand, requires energy to be 
supplied; whence the equation Ev=Eb+H. 

126. Therino-chemical Laws. — ^The fundamental laws 
of thermo-chemistry are three in number (Berth elot) : 

I. The amount of heat set free in any chemical reaction 
whatever is a measure of the total work, both physical and 
chemical, accomplished in the reaction. 

n. Whenever a system of bodies undergoes physical or 
chemical changes capable of bringing it to a new state with- 
out producing any mechanical effect exterior to the system, 
the amount of heat set free or absorbed in these changes de- 
pends only on the initial and final states of the system, and 
is independent of the nature or order of the intermediate 
states. 

III. Every chemical change which is effected in a system 
without the aid of outside energy, tends to the [)roducti(m 
of that body or system of bodies the formation of which 
evolves the maximum heat. 

Examples. — In thernio-cliomioul equations tlie grarn is taken as 
tbo unit of atomic mass, H ropresontins; one gram of hydrogen and 
O sixteen grams of oxygen; so that, calling a heat-unit the amount 
of heat necessary to raise the tempersiture of one gram of water one 
degree [i.e., a water-gram degree), we may write the synthetical reac- 
tion for the production of water-vapor at 186-5°, as follows: 

(H,).^+0.^t=r(H./)).^ 4-114,320 water-gram degrees; 

and this hy the first law measures the total work accomplished in the 
reaction. Again, when stannous oxide SnO is formed by the union 
of tin and oxygen, 78,800 hoat-units are evolved; hut if the resulting 
product is stannic oxide SnO.^, 145,400 units are set free. Henc(» by 
the third law the latter substance is always formed, in case the oxygen 
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b present in excess. Wlien iiiie gnim of hydrogen iiiiitex with eightil 
grams of oxygen tufiinn water (liqiiid), 34,180 heut-units ure evolved.ij 
while il' the higher uxide U,U, be formed, niie ^nini of hydrogea 
ev'ilves unly 23,500 units of beat. In this case therefore, even 
preseiiae of an excess of oxygen, it 19 the Uiwer oxide and not 1 
higlier wliich will be formed, according to the tliird law. 

Horeiiver it wi)l be observed that hydrogen penixide lljO, can 1 
be formed from hydrogen oxide H,<J without the ubBiirptioii of eiior 
from some suurfu uutaide the ayatem itself. The equation is: * 

(H,U),-l-O,=(H.O^)j-M,000 wnter-gram d^'reea. 
Beactions are elussifiod Ihurmiciilly by Bcrthel.it im eirofkermie a 
enrfo/Aerwic, awording m beiit is cvulved-ur iibaorl)Bd during thel^ 
prc^reaa. Thus the reiietiim botweisij hydrogen and I'hlurine evolvMt 
heat, niid is therefore an exothermic reaction : 

Hj+Cls=(nCl)j+ 44,000 watei^gram d^jees. 
"While when liydmgen combines with iodine vapor heitt is abaorba 
and Lhe reactiim is endotliermic: 

H,+I,=(HI)i— 3,0C0 water-gram degrees. 
In accordance with the law that the tendency of the energy of a 
tarn ia always toward a minijiiurn, it h found that suhslanoea likq 
hydrogen iodide, hydrogen pernxiiie, I'vanogen, acetylanf 
chloride, and the oxides of nitrogen nnd chlorine, all of which aii^ 
formed from their eonstituonUi witU nliai^rption of heat — by endothe 
mic rev^iona — are more or less unstNhle; being either spoiitaiieouslf I 
decomposable and even explosive, Itku nitrogen chloride and the clitoi 
rine oxides, or readily undergoing ciiangea by slight external c 
but in nil caeea evolving boat by their docompoeitidn. Cnrhori di-sukil 
phide, for example, is an endothernkic conipound ; and Thorpe has re*fl 
(«nt)y shown that the shock of mercuric fulminiite ciiploded ii 
vapor decomposes it, depositing ti'ilh carbon and sulphur. Wh!l<w^ 
therefore, the formation of an endothermic substance can not tak^ 
place without the aid of ontside energy, so, on the other hand, th< 
decomposition of an exothermic substance can not oncur without thht] 
aid. All oxotbermic ciinipouud ia therefore stable. 

The third law. teaches ub further that if a Bubstauce A„ 
in uniting with a given metal, prodiiccB more heat thao is I 
evolved when B unites with the siinie inctal, A will ilittplaceJ 
B froiu the cuuibinatioD. Thue chlorine cvnlvee ninre heat I 
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in combining with the metals than either bromine or iodine 
does. Hence it can displace bromine and iodine from their 
metallic compounds. In general, whenever one metal dis- 
places another from its state of combination, it does so be- 
cause energy tends to a minimum, and the production of the 
new compound is attended with an increased evolution of 
heat. 

127. Intensity of Cliemical Action. — Helmholtz re- 
gards each atom of matter as charged with a definite quan- 
tity of electricity, these charges being proportional to the 
valence of the atoms. Thus all univalent atoms have unit 
charge, all bivalent atoms a charge of two units, all trivaleut 
atoms a charge of three units, and so on. Moreover, he con- 
ceives, 1st, that the same atom in different compounds can 
be charged with units of either positive or of negative elec- 
tricity; sulphur, for example, being in hydrogen sulphide a 
negative substance, and in sulphurous oxide a positive one. 
And 2d, that their electrical charges are held more strongly 
by some atoms than by others ; an atom of zinc, for exam- 
ple, holding its positive charge more strongly than an atom 
of copper does its negative one. Further, an electrically 
neutral molecule, whether simple or compound, will have 
each unit of positive electricity on one of its atoms neutral- 
ized by an equal unit of negative electricity on another 
atom. Since a gas set free by electrolysis is neutral, it fol- 
lows that one atom positively charged combines with another 
negatively charged, even when, as in the case of hydrogen, for 
example, these atoms are alike ; thus agreeing with the infer- 
ence from the law of Avogadro that a molecule of hydrogen 
is really composed of two atoms. Again, any atom or group 
of atoms which can be substituted for another must have an 
equal electrical charge. And, since every equivalent mass 
has unit charge, the number of unit charges will be equal 
to the number of equivalent masses in the atomic mass ; i.e., 
will be the valence of the atom. 
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As to the magukuile of thewe atomic cliarges, llelmholtz 
calculates that they must be enormous. "The electricity of 
ODe luilligram of water," he saya, " separated aud comnmni- 
cated to two balls a kilometer distaut, would produce an 
attractiou between them equal to the weight of 26,800 kilo- 
graniB," Or, comparing the electrical attraction between two 
quautities of oxygen and hydrogen with their gravitational 
attraction, he finds the electrical force to be 71,000 billion 
times greater than the gravitational force. 

Faraday long ago expressed his conviction that the forces 
termed chemical affinity and electricity are one aud the same. 
And now Helmholtz, having proved by experiment that in 
the phenomena of electrolysis no other force acla but the 
mutual attractions of the atomic electric charges, comes to 
the equivalent conclusion "that the very mightiest among 
the chemical forces are of electric origin." 



§ 2. fiTOICIIIOMKTRlCAL CAlX'tTLATIOXi'. 

J 28. iDefliiltioii. — Stoichiomctry is that department nf 
Chemistry which considers the numerical relations of atoms. 
All caleulatiouB, therefore, which can be made from the 
atfimic massee and volumes are etoichiumetrical calculations. 

139. Galculutiuits Founded on Masit. — Every att»u 
has its own mass, called the atomic ma^. The atomic mnss 
is the smallest ma^s of any simple or elementary substance — - 
referred to the atom of hydrogen as unity — which takes 
part in any chemical change. 

4 molecule being built up of atoms, a molecular mass is 

■ the sum of the atimic masses of which it is composed. It 

is also equal to twice the mass of u given volume of a sul>- 

stance in the state of vaiKir, compared with the same volume 

of hydrogen. 

If the sulmtance be not volatde and can not be weighed in 
the state of gas, its molecular mass is that maia of it. in itM 
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solid condition, which has the same specific heat as fourteen 
units of mass of lithium at the same temperature. 

130. Mass Concerned in Chemical Clian^es. — Since 
every chemical change is simply an alteration in the position 
and association of atoms, every chemical equation which rep- 
resents such a change, represents it as taking place between 
definite quantities of matter. An equation expresses not 
only the fact of chemical reaction between two bodies, but 
also indicates the quantities of matter concerned in it. 

ExAMPLKS. — S stands for one atom of sulphur, with an atomic 
mass of 32. O3 represents three atoms, or (16x3) 48 parts of oxyi^en. 
SO3 expresses tlie fact that <)ne atom of sulphur (32) and three atoms 
of oxygen (48) have united to form rt molecule of sulphuric oxide, 
with a molecular mass of (48-|-32) 80. So Ca(C03) represents a mol- 

Ca C (), 

ecule of calcium carhonate, with a molecular mass of 40-J-12 |-(1GX3) 

K N (), 
=100. The molecular mass of K(NO:,) is 39-|-14-f 48iirl01. 

80 tile e(iuation 

Ph"(N03),-|-Na,(S(),)=Ph"(S0,)-|-(NaN0,), 

— one molecule of lead nitrate and one of sodium sulphate, yield one 
molecule of lead sulphate and two of sodium nitrate — may he read 
by mass thus: 

207K14+48)2 ■\- (23X2)f32fft4 = 207-|-(32 f 64) ^- (23-|-14-H8)2 

Pb"(N()3), -f- Na2(S0,) = Pb"(SOJ + (NaNO^), 
331 H- 142 = 303 + 170 

Three hundred and thirty-one parts of lead nitrate and one hun- 
dred and forty-two parts of sodium sulphate yield three hundred and 
three parts of lead sulphate and one hundred and seventy parts oi 
Si»dium nitrate. 

(For ccmvenience of calculation in the examples and exercises whole 
numbers will j^enerally be taken to represent the atomic and molecu- 
lar masses.) 

131. CalciiLition of Pereentiigre Composition.— Know- 
ing the molecular mass of any substance, the number of atoms 
which it contains, and the atomic mass of each, it is easy to 
calculate its percentage comixwition ; i. p., its composition in 
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KM) parts — the form in which the results of analygie are usu- | 
aJly given, 

Repreeeuting the molecular maee by ^n, the atumic maea 1 
of any conetituent by a., the number of atome of that ( 
' Btituent by n, and it« percentage annmut by x, then we have 
evidently the proportion : 

m ; an ; : lOO : X 
whence tbe formula : 

an X 100 

^- - ^ - (1) 

To find, therefore, the percentage amount of any conetlt^ ' 
went iu a molecule, we have the following rule : 

Multiply the atomic maBs by tliB number of atoms 
and this product by 100. Divide the final product by 
the molecular mass, and the quotient will be the per- 
centage amount of that conatltuent. 

By repeating this procesB for each atomic constituent, tbe 
percentage composition of the molecule may be obtained. 



Examples.— What U tlie percentage conifKisi 
phate, Ca(SU.)? 

By the fornmla, Uio molecule contains of 


ilU-.i i.f 




Cttlciun,, o 

Sulphur. 
Oiygfn, fL 


ne atom (Ht. 
no atom (nt. 
mraU.ms(,.t 


n.8.40).... 
ms. 32).... 
.m6.I8)... 


.. 40 
.. 82 

.. 64 




Mok'ciilar 


inasBofculc 


ium Eulphnto, 136 


Substil 






QUcum. i, 


1 100 parts is 


40X100 
136 '^ 


29-41 




Su1|.luir 





32xion 

136 


23-03 




O^ygeu 





04X100 
130 


47-011 
100-00 
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132. Other Problems by this Foruiula. — In the for- 
mula given above (1), the four quantities a, 22, Illy and X 
are employed. Any three of them being known, of course 
the fourth can be found. There are therefore three more 
cases to be here considered. 

Second case. — Having the percentage amount of any 
constituent, its atomic mass, and the molecular mass of the 
compound given, to find the number of atoms of that con- 
stituent in the molecule. 

By transposition, formula (1) gives: 

mx 

whence we derive the following rule : 

Multiply the molecular mass by the percentage 
amount of the given constituent, and divide the prod- 
uct by its atomic /nass, multiplied by 100. The quo- 
tient is the number of atoms of that constituent in the 
molecule. 

Having obtained in this way the number of each kind 
of atoms composing a molecule, it is easy to construct the 
molecular formula. 

Examples. — What is the foriuuhi of (juartz, its molecular mass 
being 60, and its percentage composition : 

Silicon 46-67 

Oxygen 63-83 

100-00 

The atomic mass of silicon is 28; honcc^ by formula (2) the number 
of atoms of 

Silicon would be = 1 

100X28 

60X58-38 
Oxygen " " - — 2 

^^ 100X16 

The molecular fornmla of quartz is therefore SiO.^. 
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Third case. — Having tlie pfircentage composition, tlie 
number of atoius of any constituent tu the molecule, and 
the molecular ma^B, to find the atomic ma^s of that atoniie 
couHtituent. From formula (1) by trausposition, we obtain ; 



looa 



(3J 



r The rule tlierefore is : 

Multiply the molecular mass by the percentage 
amount of the constituent ■wlioBe atomic ma,sa is de- 
sired, and divide the product by the number of atomB 
multiplied by lOO. The quotient is the atomic maaa 
required. 






— TliB n 



eoulur 



f silver 



170; 



k.^me 63'oS per uetit of silvor, uiid baa Imt one alorii 
ptnolot.'ule. Whiit is tlie atomic mosa »f sUvor? 

Making tlie naceasary substitulioiis in fornmlu (8) w 
170X63-53 



100X1 



= \m 



lenra the Htoniit niMBS of Eilver is 108. 

FouirrH CA8E, — Having the atomic mass of any constitu- 
K.ent, the number of atoms of it in the molecule, and ita per- 
I eentage amount, to find the raoleuular mass. 

By a final transposition of formula (1 ), wc oblaiu : 

an X 100 
m=^^- (4) 

Whence the rule : 

Multiply the atomic mass of the constituent given 

' ty the number of its atoms, and this product by lOO. 

Divide the final product by the percenta,ge amount 

of that constituent, and the quotient is the molecular 



RxAUPLSS. — Snlt cotitaini 8»-32 per een\, of sodiu 
K U 23. Iti n molemle uf enlt tliere Is but one 
BWli"! is iIjb mnlct'uliir niBBS of brHJ 
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23X1X100 

Bv substitution, =^ 58-5. The molecular mass of salt 

^ 39-32 

is therefore 68*6. 

Again, ferric oxide contains three a'toms of oxygen, or 30 per cent. 
"What is its molecular mass? 

16X3X100 _^ ^ , ■ 

Bv the formula, = 160, the molecular mass. 

•'so 

133. Calculation of an Atomic Group. — In some 
cases it is desirable to calculate the percentage amount of a 
group of atoms in any molecule. Formula (1) above given 
enables us to do this, using a to indicate the mass of the 
group, and n the number of such groups in the molecule. 

Examples. — Ammonium nitrate, (NH4)N03, breaks up under the 
influence of heat into one molecule of nitrogen oxide, N.^O, and two 
molecules of water, (H.^0)2. How nmch nitrogen oxide in 100 parts 
of ammonium nitrate? 

aziXlOO 44X1X100 
By formula (1) — — , wo have = 55. Hence am- 

^ ^ ^ m ' 80 

monium nitrate yields 55 per cent of nitrogen oxide. 

134. Other than Percentagre Numbers. — Problems 
often arise which require the quantity of a constituent in 
less or more than 100 parts. The answers to such problems 
can of course be obtained by stating the proportion for each 
problem; but they may be derived also from formula (1) 
already given, by putting y — the quantity of the constitu- 
ent — in place of x, and z — the quantity of .the compound — 
in place of 100. The formula then becomes : 

y^B^ (5) 

222 

Whence the rule : 

Multiply the mass of the constituent contained in 
one molecule by the mass of the compound griven in 
the problem, and divide this product by the molecular 
mass. The quotient is the quantity of the constituent 
required. 
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Examples.^ How much iodine may be obtuined from 236 grauip 
uf putiiasiuin iodide, tlie atomic maae of iudiiie being 127, and Ibu 
molecular aima of pota^Eium iodide being lOS? 

By proportiiitt. Ab 1Q8 parU of potaBsium iodide give 127 of iodine, 
it iB obvioua that the quantity given by 236 parts wimld be given by 
tbe proportion 166:286: :127i7'. Whence jr=180 6. A a ewer, 180-5 
gnims iodine. 

By formula (6). Substituting tor ail in formula (6), 127, for g, 236, 

127X236 
^ 180-5. Hence 23B gmnis 






d for m. 166, we have r=- 
iodida yield 180-5 gntr 






Couversely, if the quantity of the miupouud necessary to 
yield a given mass of the cunstituent be required, we obtain 
by traDspoHition : 



an 






ExAMi'LEs. — Huw much potassi 
yield 78 grams iodine? 

Substituting in formuk (fl) we Imve z = - ^ — = 102. Anawor, 
102 grams potassium iodide. 

By analysis. If 166 parts po-ttiMium iodide yield 127 of iodine, to 
,166 
yield 1 part of iodine — - uf one part will be re<iuiredj and to yield 

166 166X78 



8 parts, 78 times — 
recise result given above. 



127 



, will be reijuiri«l. But this 



f the 



133. Calculation front Equations. — The siime princi- 
ples are applied iu calculating the mam f>f substances enter- 
ing into, or issuing fnmi, chemical reactions. The reaction 
is first to be expressed in the furnj of an e)|uation. The 
molecular mass of all the Nuhftanoef given are then to be 
written below their ruepective formulas. Having now the 
data, the prohlenia are to be solved by making the following 
pniportiiin : 

Ab the molecular ma.sB of the subatanoe (riven is to 
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the quantity of it given in the problem, so is the molec- 
ular, mass of the substance required to the quantity 
of it required. 

Representing by ilf the molecular mass of the substance 
given, by W the absolute mass of this substance given in 
the problem, by 222 the molecular mass of the substance re- 
quired, and by W" the absolute mass of this substance, then 
by the above rule we have the proportion M: W- - 222: W, 
from which the four following formulas may be derived : 

M= ^^ (1) W= ^^ (2) 

•W 222 

222 = :?^ (3) w=^^ (4) 

W M 

Hence, any three of these quantities being given, it is easy 

to find the fourth. Four cases thus arise, viz : 

1. Having the absolute quantity of a factor and the quan- 
tity of the product yielded by it, as well as the molecular 
mass of the product ; to find the molecular mass of the factor. 

2. Having the molecular mass of both factor and product, 
to find the quantity of the factor necessary to yield a given 
mass of the product. 

3. Having the quantity of the factor, the quantity of the 
product, and the molecular mass of the factor ; to find the 
molecular mass of the product. 

4. Having the molecular mass of both factor and product, 
to find the mass of the product from a given weight of the 
factor. 

Examples. — Nitric acid is prepared by the action of sulphuric 
acid upon potassium nitrate, according to the following equation : 

. K(N03) + H,(SO,) = H(N03) + HK(SOJ 
101 + 98 = 63 -f 136 

Problem Ist, — 125 grams of niter yield 77*97 grams of nitric acid, 
whose molecular mass is 63 ; what is the molecular mass of potassiuni 
nitrate ? 
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III tliis problem, m equals 68, Wcquds 126, niid wugimls 77117; 
63X125 
hmice JIT = - = 101, Answer. 

I'rublem 2d. — The iiioletular umsB of niter [s 101, und thiit iif nitric 
Hi'id U 63; Luw inuth niter would be required tu yield 7797 grains 
nitric BcidT 

Hers, the quantities being rapresented as bei'ure, we liave W = 
101X77-97 .,. 



Problan Zd.— 
The inijleoular n 
nitric; acid T 



6 grams at niter yield 77'97 gr 
(B of niter U 101 ; whut is the 



ia5 






Problem ii/i. — The moleciilar mBEs of niter is 101 and timt nf nitric 
acid ie 63; huw luucU nitrit acid would 126 grama of niter yield? 
63X125 
We have w= -— j — = 77-97 grams, Answer. 

Formulae (2) and (4) are the ones usually employed, eince 
molecular masBeg may generally be obtuiued more readily in 
other ways. These two formulas may be applied to a great 
variefy of problems, as the following examples show. 

Ex AHPL KB.— Taking tile equatiun for the production of nitric acid 
by the action of sulpliuriu acid on potaisium nitrate, above given, the 
following problems may lie worked by formula (2) ; 

Problem la(.— jjpw mucli niter is necesaarj to yield 36 grams of 



litric aeid 7 



101X86 



= 57*7 grnms, Answer. 



P,-Mri» .1-/.— Hnl 



II Bulpkiito will be pro- 
= 77'7 grams, Aii- 



Arid these problems by furinula (4): 



88 THEORETICAL CHEMISTRY. 

Problem Ist. — How much nitric acid may be produced from 500 
grams of potassium nitrate? 

mW 63X500 

W= -= = 311*88 fframs, Answer. 

JJf 101 ^ ' 

Problem 2d. — How much sulphuric acid would be required to de- 
compose 600 grams niter ? 

98X500 
Here m = 98 ; hence w= = 485-16 grams, Answer. 

Problem M. — How much hydro - potassium sulphate would be 

yielded by the decomposition of 500 grams of potassium nitrate by 

sulphuric acid? 

136X500 
In this problem m = 136; hence w = — — — = 673-27 grams. 

In all the above problems it has been assumed that each 
molecule of the factor yielded one of the product. If in any 
reaction this is not true, then M and 222 must represent the 
sum of the molecular masses expressed in the equation. 

136. Volume Calculations from Equations. — Every 
molecular formula represents two volumes. Hence any equa- 
tion composed of such formulas may be read by volume. 
From these volumes calculations may be made as well as 
from the masses. 

Examples. — In the equation: 

(CO), + O, = (00,), 

— ^two molecules carbon mon-oxide and one molecule of oxygen yield 
two molecules carbon di-oxide — the volume relations may be read 
thus: four volumes carbon mon-oxide and two volumes of oxygen 
give four volumes of carbon di-oxide. From these relations the fol- 
lowing problems may arise: 

Problem \st. — How much carbon di-oxide is formed by the com- 
bustion of 1 liter of carbon mon-oxide ? 

As 4 volumes carbon mon-oxide yield 4 of carbon di-oxide, 1 vol- 
ume will yield 1 volume, and 1 liter of course 1 liter. Answer. 

Problem 2d. — How much oxygen is needed to convert 2 liters car- 
bon mon-oxide to carbon di-oxide ? 

Four volumes by the equation require 2 of oxygen ; hence 2 liters 
will require 1 liter of oxygen, Answer, 
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Problem SJ— To fcirm. lOO cubic cenlimetera of carbon di-oxide 
how much carbon mon-ojcide must be burned? 

Four vuiuniea carbon di-oiida require the combuBlion of four of 
carbon mnn-oiide ; JOO cubic cenlimeters will require ite own volnma 
therefore, or 100 cubic centimctura, Answer. 

137. Kelatiuns of Mass to Volume. — It m often necee- 
sary to calculate the volume occupied by a given mass of any 
gas, or the maas of any given volume. The following are 
the rules : 

1. To determine the volume of any gas, ita mass being 
given : Divide the mass of the gas given, by the ma,6B 
of one liter ; the quotient ia the number of liters. 

2. To determine llu- uma- of any given volume of ga»: 
Multiply the number of liters of gas by the mass of 
one liter ; the product is the mass of the given volume. 



1. What voluii 
Tht; nmsB of 

grams there will 
or 4-25 liters. Aiif 

2. Wbat is tba 
The nwBS of o 

81'5; hence the n 



Examples. 
is occupied by 6'08 grnms of oxygen gas? 
e liter of oiygen is t'43 gTHms; bailee in i 
as many liters as 1*43 ia contained times in & 

lass of 25 liters of nitrogen gas7 
liter of nitrogen gas is 1-2(1 grams. 1-26 X 21 
IS of 26 liters of nitrogen U SI'S grams, Anew 



138. Relation of Volume to Density. — Relative den- 
sity being the mass of one volume of any gas — -compared 
with the same volume of hydrogen ^ and molecular mass 
being the mass of two volumes, it ib evident that the rehitive 

density of any body in the state of gae may be obtained by 
dividing its molecular mass by two. 

Having the relative density of any gae — -which expresses 
how many tiiries the gas is denser than hydrogen — the mass 
of one liter may l>e readily obtained by multiplying it into 
the mass of one liter of hydrogen. The mass of one liter 
of hydrogen is 0'0896 grams, or 1 crith. 
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Examples. 








Molecular 


Relative 


Mass of 


one LUer. 


Name. Formula. 


Mass. 


Dettsify. 


CaL 


Obs. 


Oxygen O, 


32 


16 


1-4336 


1-4298 


Nitrogen N, 


28 


14 


1-2544 


1-2561 


Carbon di-oxide CO, 


44 


22 


19712 


1-9774 


Sulphurous oxide SO, 


64 


32 


2-8672 


2-7857 


Cyanogen (CN), 


52 


26 


2-3-i96 


.2-3303 



139. Relation of the Hydrogren Unit to the Air 
Unit. — ^The term relative density has been used to indi- 
cate the mass of a given volume of gas as compared with 
hydrogen. The term specific gravity may, in like manner, 
be used to indicate the weight of a given volume of gas, 
referred to air as the standard. The relative density of hy- 
drogen gas is 1, its specific gravity is 0*0693. Hence, by 
multiplying the relative density of any gas by 0*0693, its 
specific gravity may be obtained ; and by dividing the spe- 
cific gravity by 0'0693, the quotient is the relative density. 

Examples. — What is the specific gravity of chlorine gas? 

The molecular mass of chlorine is 71 ; its relative density, tbere- 

71 
fore, is — or 35*5. 35-5X00693 = 246. Chlorine gas is therefore 

2*46 times heavier than air. 

Again, the specific gravity of ammonia gas is 0-589. What is its 
molecular mass? 

If the specific gravity is 0-589, its relative density is 0-589 -i-0-0693, 
or 8-5. Hence its molecular mass is 8-5X2, or 17. 

140. Reduction of Gaseous Volumes for Pressure. 

According to the law of Boyle and Marriotte, the volume of 
any gas is inversely, and its density is directly, as the press- 
ure to which it is subjected. Hence the volume of a gas 
changes with the variations of atmospheric pressure as meas- 
ured by the barometer; being increased as the barometer 
falls, and diminished as it rises. The normal pressure to 
which it is common to refer gaseous volumes is 760 millime- 
ters of mercury. 
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If the volume ol' a gas under the height S of the baro- 
metric column be represeuted by V, and under any other 
height H', by V, then by the law above given V : Y' ■ ■ 
H':H. whence VH=VH', or 



V'= 



H' 



■olui 



3 under 



Hence, to reduce a given volume of gaa to its ■ 
the normal pressure, we have the following rule : 

Miiltiply the given volume of gas by the barometric 
height under which it was measured, and divide the 
product by 730 ; the quotient is the true volume. 

riiiit ia tlifi true -v.^luiiie which 260 cubic centiuietera 
urtd ut 742 millimeters, wuuld havu if iiit^aBured at 



iJy t!ie furuiuU, p-'^VX— 



= 2-14 L-. c'.. Answer 



Substituting in tlia formulH. V= 542X— = 






141. Redut^tloii of Gaseous Tulumes for Tempera- 
ture. — All gases expand or contract by the same amount 
for the same increase or decrease of temperature. The 
amount of this expaoBion — called its co-efficient— is -— of 
the volume of the gas at 0°, for every degree Centigrade. 
For two degrees it would be —-:, for three degrees — ^, and 



for t degrees - 



Or, 



273 



is eijual to 000366.5, one vol- 



ume of a gas at 0=, becomes 1-003665 volumeeatl", 1-00733 
volumes at 2°, l + f-00366.5x t) volumes at t°- In general, 
if V represent the known volume, V the unknown volume, 
and t the number of degrees the teni|>erature ia raised or 



0^ THEORETICAL CHEMISTRY. 

lowered, the formula for calculating an increase of volume 
will be approximately ; 

IT' = IT x(l+ -003665*) (1) 

And by transposing, the formula by which the volume at a 
lower temperature can be calculated is obtained : / 

V= (2) 

(1+ -003665*) ^ ^ 

Examples. 

1. A gas measures 15 cubic centimeters at 0°; what will it measure 
at 60*^? 

Substituting in (1), V'= 15X(1+60X -003665) = 18-298 c. c, Ans. 

2. What will a gas measure at 0° which, at 100°, measures 40-1 c.c? 

40-1 

Substituting in (2), V= = 29*345 c. c, Answer. 

^ ^ ^ (l+lOOX-003666) 

3. A gas measures 560 c. c. at 15°; what will it measure at 95°? 

(14-95X-008665) 

Here t = 15° and t'= 96°. Hence V'= 560 ^-^ ^ = 

(1-I-15X-003665) 

716*6 cubic centimeters. Answer. 
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EXERCISES. 

1. What is molecular stability? 

2. What is a chemical reaction ? A chemical re-agent? 

3. Explain why mass-reactions may be accurately represented by 
molecular formulas. 

4. What is a chemical equation ? How is it constructed ? 
6. Give the rule for writing equations. Illustrate it. 

6. Does matter disappear in chemical changes? 

7. How are chemical reactions classified ? Illustrate. 

8. Why does solution favor chemical changes? 

9. Give BerthoUet's first law. Define precipitate, precipitation. 

10. Distinguish the chemical part of this process of precipitation 
from the physical. 

11. Give BerthoUet's second law. Illustrate it. 

12. How may results be predicted by these laws? 

13. If barium chloride and magnesium sulphate bo mixed together 
in solution, will there be a reaction? Lead nitrate and ammonium 
phosphate? Sodium hydrate and zinc iodide? Write the reaction 
in each case. 

14. In what ways may chemical changes in matter take i)lace? 
Write a reaction of each kind. 

15. State the principle of the Conservation of Energy. How may 
the energy of a system be varied ? 

16. Give the laws of Thermo-chemistrv. What is an exothermic 

ft- 

reaction? Why are substances formed by endothermic reactions less 
stable than those formed by exothermic reactions? 

§2. 

17. What are stoichiometrical calculations? 

18. What does a chemical equation represent by mass? 

19. Eead the following equation by mass : 

Sr(N03)2+HNa,PO,=HSrPO,+(NaN03)2 

20. Deduce the formula for calculating the percentage composition. 
Give the rule. 
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21. What is the percentage composition of potassium chlorate? 
Of sodium carbonate? Of KgPO^? Of ZngSiOJ 

22. Derive the formula, and give the rule for finding the number 
of atoms of any constituent in any molecule. 

23. Alumina is composed as follows: Aluminum 63'60, Oxygen 
46'60 = 100. Its molecular mass is 103; what is its formula? 

24. The inineral woUastonite has the following composition: Sili- 
con 24*14, Calcium 34*48, Oxygen 41*38 = 100. Its molecular mass is 
116; what is its formula? 

26. How is the formula forgetting the atomic mass derived? Give 
the rule. 

26. Tin oxide has a molecular mass of 150; it contains one atom 
of tin, or 78*67 per cent. What is the atomic mass of tin? 

27. Magnetic iron oxide contains three atoms of iron; its percent- 
age amount of oxygen is 27*60, and its molecular mass is 232. What 
is the atomic mass of iron ? 

28. What is the formula and what the rule for finding the molecu- 
lar mass? 

29. Zinc sulphide contains 67 per cent of zinc, or one atom ; the 
atomic mass of zinc is 65; what is the molecular mass of zinc sulphide? 

30. How may the atomic groupings into which a molecule can be 
broken up be calculated ? 

31. The mineral magnesite, MgCOg, is decomposed by heat into 
MgO and CO^ ; what are the percentage amounts of these substances 
which it contains? 

32. Give the formula and rule in cases where other than percentage 
numbers are required. 

33. How much lead may be obtained from 664 kilograms lead sul- 
phide? (At. ms. lead, 207; mol. ms. lead sulphide, 239.) 

34. How much calcium phosphate is required to give 356 kilograms 
phosphorus? (At. ms. of phosphorus is 31; the molecular mass of 
calcium phosphate is 310.) 

36. How may the products of a reaction be calculated from the 
factors ? Give the rule. 

36. Derive the four formulas given, and show the class of problems 
to which each applies. 

37. From the following equation : 

Zn(NO3)2+K2CO3=ZnCO3-f(KNO.02 

calculate the quantity of zinc nitrate required to give 103*17 grams 
zinc carbonate. 
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88. How much ZnCOg may be obtained from 156 grams Zn(N0j,)2? 

39. How much KjCOj is needed to decompose 76 grams Zii(N0j)2? 

40. What quantity of potassium nitrate will result? 

41. How much potassium carbonate must bo used in order to obtain 
54 grams zinc carbonate? 

42. How much potassium nitrate will be produced? 

43. 156 grams zinc nitrate yield 103-17 grams zinc carbonate (mol. 
ms. 125) ; what is the molecular mass of zinc nitrate ? 

44. 103*17 grams zinc carbonate are obtained from 156 grams of 
zinc nitrate (mol. ms. 189); what is the molecular mass of zinc car- 
bonate ? 

46. Kead the following equation by volume: 

CH,+(0,),=C024-(H,0), 

46. How much oxygen is needed to burn 1 liter of CH4? 

47. What volume of carbonic di-oxide is produced? 

48. How much CH^ is needed to give 1 cubic meter of steam? 

49. What volume does a kilogram of oxygen occupy? 

50. One liter of CH^ in burning gives what mass of CO2? 

51. Calculate the mass of one liter of chlorine; of phosphorus; of 
H28; of CO; of PCI3; of HNO3. 

52. Calculate the specific gravity of nitrogen. 

53. The specific gravity of hydrogen iodide is 4*43; what is its 
molecular mass? 

54. How is the formula for reducing gaseous volumes to the normal 
pressure deduced ? Give the rule. 

55. What is the normal volume of a liter of oxygen measured at 
756 mm.? At 795? At 1140? At 380? 

56. What volume would 350 c. c. of ammonia-gas, measured at 74° 
have at 0°? At 100°? At 20°? 
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HYDROGKN. 



Sipiilnil H. Atomic Mcue 1, Vaienee I. Rekdive Bermti/'l. 
Molecular Maes 2. Mokevlar Vditme 2. Tiie Mas* of one 
liter at 0° w 089578 ^i-am (1 criiJi.). 

143. HiBtury. — Hydrogen was apparently known t« Par- 
aoeleus in the 16th century. It was first accurately de- 
scribed by Cavendish in 176G, wbo called it inflammable 
air. Lavoisier giive it the name hydrogen. 

143. Occurrence. — Hydrogen occurs free in certain 
volcanic gases; Bunsen found that it formed 45 per cent 
of the gas«0U8 exhalations of NimarQall, Iceland. It aJso 
occurs in the gases accompanying jietroleuiu. It i» shown 
by the spectroscope to exist in the sun, the Used stars, and 
in some of the nebulas. Graham obtained from the Lenarto 
meteorite — a remarkably pure iron — three times ita own vol- 
ume of this ga»i. 

Oombined, hydrogen exists in water, every cubic centi- 
meter of which contains \\ liters; also in petroleum and 
bitumen, ami in all animal ami veg^etalile tiwucs. 

144. Preparutloii. — Simple molecules are obtained from 
(99j 
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compound molecules by re-arranging their atoms. For the 
production of hydrogen this re-arrangement may be effected : 
. I. By the action of some physical agent ; as 

(a) Heat, — When melted platinum is dropped into water, 
both hydrogen and oxygen gases are evolved : 

H— O— H H O H 

forming | || I 

H— O— H H O H 

or: 

(HP), = (H,), + O, 

This process is called dissociation. 

(6) Electricvty. — In the electrolysis of hydrogen com- 
pounds (p. 139). 

II. By superior chemical attraction; as in the action of 
sodium upon water at ordinary temperatures : 

(H,0), + Na, = (HNaO), + H, 

Hydrogen oxide. Sodium. Sodium hydrate. Hydrogen. 

or of iron and other metals, at a red heat : 

(RfiX + Fe. = (FeA). + (H,), 

Water. Iron. Iron oxide. Hydrogen. 

Or of zinc upon an acid, as sulphuric acid : 

HXSO,) + Zn = Zn(SO,) + H, 

Hydrogen sulphate. Zinc. Zinc sulphate. Hydrogen. 

or of magnesium upon a base, as potassic base : 

(HKO), +. Mg = Mg"(OK), + H, 

Potassium hydrate. Magnesium. Potnssio-magnesium Hydrogen. 

oxide. 

Experiments. — The apparatus by which hydrogen is obtained by 

the action of sodium upon water is shown in Fig. 1. It consists of a 

glass cylinder filled with water, and inverted in water contained in 

a cistern. Upon throwing a fragment of sodium upon the water, it 

rolls about upon the surface, with a hissing noise, as a silver-white 

globule. By means of the wire-gauze cage shown in the figure, this 

globule may be depressed below the surface, and hold beneath the 



PROPERTIES OF UYDROGEy. 



ini i 




. Preparation ol Hydrogen I 



! Sodium. 



mouth of the glass cylinder. The hydrogen gAH set free by tiiR . 
of the sodium, rises in bubbles intu the eylinder, diflplai;ing the water. I 
By repeBling the process & 1 
Biifiicient number of times, T 
the cylinder may be filled. 

The usuhI method iif pre- 
paring hydrogen it by the 
aetion uf zinc upon sulpbu- 
ic acid, for which an nppu- \ 
atus similar to tbtit shD.w) 
Q Fig. 2 may be used. Tha i 

i placed in the t 
necked bottle — in place 
which a wide-moiitbed bol- | 
tie having two holps through tba cork, may be substttuted; through 
one of these openings a funnel-tube pusses \i.> thu bottom uf the bottle, 
and through the other a delivery-tube passes to the water-cistern, 
terminating beneath an inverted cylinder filled with water, which 
stands within it. On pouring diluted aulphuric acid — one part of 
the commercial acid mixed with four piirts of water and cuolod — 
through the funnel-tubo upon _ 
the zinc, efiervescence takes 
place and bubbles escape from 
the delivery-tube. After alhiw- 
ing time for the air in the but- 
tle to escape, the gas may be 
collected for use. 

145. Properties. — ^I. [ 
Physical. — Hydrogen ii 
colorieae, odorless, and taste- I 
lees gaa. It is the lightec't ' 
form of matter kni 
iiigl4'43 limes ligjiterthao 
air, 11, OOU times lighter than water, and 240,000 tinie« lighter 
than platinum. Its inolet^ular mass is therefore smaller than 
that of any other eubstauee. For litis reason, as shown iti 
the seetion on diffusion, its diffunihility in hij^her than that 
of any other gas. Its refractive power on light is remark- 
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able, being 6*614 times that of air. It is soluble to a very 
slight extent in water, 100 volumes of which dissolve but 
1*9 of hydrogen. 

When subjected to a pressure of 160 atmospheres, and 
cooled in boiling nitrogen to —213°, Olzewski obtained it 
as a colorless and transparent liquid running down the walls 
of the tube, by allowing the gas suddenly to expand to 40 at- 
mospheres ; this sudden expansion producing increased cold. 
Its critical temperature and pressure have not therefore been 
determined experimentally. The former, however, has been 
calculated as —240° and the latter as 13*3 atmospheres. 

Owing to its lightness, the velocity of sound in hydrogen 
is trebled, but its intensity is much enfeebled. Hydrogen 
is the standard of relative density, and of molecular mass 
and volume. The mass of 1 liter at 0° and 760 millimeters 
is '089578 gram, or 1 crith. 




Experiments. — The rapid diffusion of hydrogen gas may be shown 
very well by the apparatus represented in Fig. 3. A light, unglazed, 

cylindrical cup of earthen-ware — such as 

is used in voltaic batteries — is cemented, at 

its open end, to a glass funnel whose stem 

^^1 is prolonged by a slender tube, which dips 

^1 into colored water. The whole may be sup- 

^1 ported on any convenient stand. If now, 

(mKjH ^ bell-glass filled with hydrogen be brought 

\^/ " ^ over this earthen cup, the gas diffuses so 

much more rapidly into the cylinder than 
the air diffuses out, that an increase of vol- 
ume takes place within it and the gas bub- 
bles out violently through the water. When 
the bell - glass is removed, the hydrogen 
_ within the cylinder being now in excess, 
diffuses so rapidly outward as to produce 
a partial vacuum, so that the colored water 
rises half a meter or more in the tube. 
The levity of hydrogen may be shown by using the gas to inflate 
soap-bubbles. "When detached from the pipe, they rise rapidly. Any 




Fig, 3. Diffusion Apparatus. 
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l)iii; iiiHdu of thin ti«Eae. sucb as collodiun or vaEnishud pajier, niny 
bo filled with hydn^en, and will then riee like a bnlluon. 

Tli« L'urioui eDbct of hydrogen upon sound may be iliuatratad by 
{ilncing in a large bell-glase, suspended mouth downward and fllled 
with this gax, one of tbe Equeakillg imae;es usod aa toys for children. 
As tho image passes up into tho gne. the Euuiid is obserred to be 
greatly enfeebled and Bltered conBiderably in character. The same 
f»ft niay be shown with the human voice by filling the Imigs with 
tlic gHB, and then speaking. Eapeoinl care should be taken, however, 
to have the gas for this purpose made from pure materials; for, 
although the lungs may be fllled once with hydrogen gas without 
injury if it is pure, yet it is liable to contain impurities which may 
produee sorious results. 

II. Chemical. —Hydrogen gas is combustible; that is, 
when heated to a certain degree — aI>out 500° — it ie capable 
of combining with the oxygen of the air with the evolution 
of light and heat. The flame of burning hydrogen is pale, 
and, uuder the atmospheric pressure, is scarcely luflainoue ; 
though it becomes bright if the jiressure be increased. The 
beat evolved by it is very great ; one gram of hydrogeu in_ 
burning produces heat sufficieul to raise 34,180 (Thomaen) 
grams of water from 0° to 1°; that is, 34,180 heat^units. It j 
- does not suppfjrt combustion or respiration; a lighted caudle | 
placed in it is extinguished and an animal 
loses his life when confined in it. It is 
the standard of atomic mass and of val- 
ence. 

BxPRKIMKNTS. — A cylinder full of the gas — 
collei^ted BS shown in Fig. 2, for eiample — may 
be inverted, and a lighted taper applied to its 
mouth. The hydrogen takes Are with a alight ■ 
uxplosion and burns with its charactaristio flame. 
If the jar be hold mouth downward, and the 
candle be passed up into it, b» shown in Pig. 4, fig, j. 
the ga« takes fire and burns quietly at the open "' U)'^"««'^ 

nnd. while the flame 'if the caudle, «s it passes into tbe gas, is extin- 
nuiahod. but may be n-lighted again from tho burning by.lrogtn as it 
U willidriiwji. 
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The combustibility, and at the same time the levity, of hydro- 
gen may be shown by covering a bell-glass of this gas with a glass 
plate, and holding it, mouth upward, beneath a lighted candle six or 
eight inches distant. On removing the plate the gas rises from the 
bell, comes in contact with the flame and takes fire 
with a slight explosion. The same fact is shown 
by pouring a bell-glass full of this gas upward into 
an empty bell, testing each, after the experiment, 
with a lighted candle. If the soap-bubbles above 
mentioned be touched with a lighted taper as they 
ascend (Fig. 6), they take fire and burn with a slightly 
yellow flame. 

Water is the sole product of the combus- 
tion of hydrogen. Hence its name, from 
odwp and yevvdwj water-former. 

"When burned from a jet, as shown in Fig. 6 — 
being previously dried by passing it through a tube 
containing calcium chloride — the flame of hydro- 
gen, though pale, is very hot, and will raise a small Fig. 5. Lighting a 
coil of fine platinum wire placed within it to a white, wftf Hydrogen. 
heat. On holding a cold and dry bell-glass over 

this flame, it is at once dimmed 
with the moisture, and if the ex- 
periment be sUflSciently long-con- 
tinued the water produced will 
run down the sides of the bell- 
glass in drops. 

Several years ago Graham 
pointed out the fact that hy- 
drogen is capable of being 
absorbed or occluded by many 
metals, at temperatures more 
or less elevated. Of these 
Fig. 6. Water from the combustion of metals, palladium is the most 
^ rogen. remarkable, being able to 

take up over nine hundred times its volume of hydrogen at 
ordinary temperatures, forming a white metallic solid, con- 
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taining its constituents in ratios nearly atomic. Graham 
maintained that the hydrogen in this substance is a solid 
metal, with a density about 2, and analogous in many respects 
to magnesium ; that it has a metallic luster, a certain amount 
of tenacity, conducts heat and electricity readily, and is mag- 
netic. He therefore proposed for it the name hydrofirenium. 

146. Uses. — On account of its lightness, it has been used 
to fill balloons for military and other purposes. The amount 
which a balloon will carry up, ^. e. , its ascensional power ^ is 
the difference between the weight of the balloon itself with 
its contained hydrogen, and that of an equal volume of air. 
A liter of hydrogen gas has an ascensional force of 1*2 
grams. 

Hydrogen is used also in the arts as a heating material, 
on account of the high temperature developed by its com- 
bustion. 
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EXERCISES. 

1. Mention some substances which contain hydrogen. 

2. Write the equation which expresses the preparation of hydro- 
gen by the action of potassium upon water. 

3. Give the reaction which takes place when iron acts on sulphuric 
acid. 

^^^.^Qn grams of water will give how many grams of hydrogen j 
when decomposed by heat?) By the action of sodium? 

5. How many cubic centimeters in each case ? 

6. How many grams of sodium will be required ? 

t Ten liters of hydro£;en are desired; how many grams of zinc 
^^ are necessary to furnish this quantity ?\ How many grams of iron? 

8. Twenty grams magnesium will yield how many liters of hydro- 
gen? How many grams of potassium hydrate must bo employed? 

9. What will hydrogen cost per cubic meter, when made with 
^ ijl[Qn rnitin^yfrntii nnrl sulphuric acid costing IQ cents per kilogram? 

When made with zinc costing 2^ents per kilogram ? 

10. What volume of hydrogen does one liter of water contain? 
One liter of water- vapor or steam? 

11. What volume does 0*423 gram of hydrogen occupy at 0°? At 
15°? At 100°? 

12. Calculate the specific gravity of hydrogen from its relative 
density. 

13. To what temperature must air be raised to have the relative 
density of hydrogen at 0°? 

14. Under what barometric pressure has air the relative density of 
hydrogen ? 

15. From what does the name hydrogen come? 

16. What is a unit of heat? How many heat-units does hydrogen 
produce in its combustion ? 

17. How many grams of hydrogen must be burned to raise 60 kilo- 
grams of water from 0° to 10°? 

18. What must be the diameter of a spherical balloon which, when 
filled with hydrogen, will have an ascensional force of 80 kilograms; 
the balloon itself weighing 30 kilograms? 

19. What will it cost to inflate the above balloon, if the hydrogen 
be prepared by the use of sodium at two dollars the kilogram? 
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§ I, Chlorine. 



Symbii} CI. AUnnic mags iJ5'37. Fii/wmw I, III, V. and VII. 
Kelaiive JeMiiy 35-37. Molecular mans 7074. MMeeidar 
volume 2. Tlie nuts^ of 1 liter atO" U 3-1G7 yram (35-37 
mtks). 

147. Hiatury. — Chlorine was first obtained liy Scheele 
- in 1774, and called dephli^ieticated muriatic a«iil ; a name 

afterward changed to osymuriatic acid by Berthollet. In 
1809 Q-ay-LusBHiC and Thenard suggested its elementary 
character, which was estjtblished by Davy in 1810, who gave 
it the name it bears. 

148, Occurrence. — Chlorine never occurs free in nature. 
In combinaticin with sodium, mapiesium, pobisBium and cal- 
cium, it exists abundantly in ealine epriugs, and also iu 8ca- 
water, every liter of which contains 5 liters of chlorine. 
Sodium chloride or salt exixta also in the i^oJid form in the 
earth, forming vast deposits, many of which, like that at 
Stawfurt, are mined. 

14», Frepamtlon. — Chlorine may be prepared : 

I. By the action of heat or of electricity iijmjh chlorides. 

PtCI. = PtCl, -1- CI, 

Plalmie rWmrft. PtaHiioiMr eMoride. atarint. 

II. By the superior chemlsnn of oxygen ; as when hydro- 
gen chloride acts upon manganese di-oxide : 

(HCl), + MnO, = MnCl, + (H,0), + CI, 

ITyti-iiK" il<uuf!unt M-ih-ji-wki IViitrr. rhinrif. 

thtoi-M-: M-olUte. fhloriie. 
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Or, when eodium chloride, sulphuric acid and manganese 
dioxide are heated together: 

(NaCI), + (H,(SO,)), + MnO, = 

Sodium cMmide. SalphJiHc acid. ifanganete di-oxidt. 

Mn(SO,) + NiXSOJ + (H,0), + CI, 

Manganoia ttdphale. Sodium lulphale. Water. OUorine, 

£xPEiUMBHTS. — The nppnratus employed for preparing chlorine 
is shown in Fig. T. The mnterials are placed in a flask, which Btandii 
in sand contained in a tliin iron cup, upon the gas furnace. Through 
the cork of this flask two tubes pass, one for the delivery of the gas, 
the other a safety-tube. This safety-tube is a funnel-tube bent twice 
upon itself, upon the recurred portion of which are two bulbs. "When 
any liquid is poured into the funnel, a portion remains in the bend 
and acts as a vaire to 
prevpnt the escape of 
the gRB Should tlie 







withm 



creased the gas will 
force the liquid up into 
the fuDiiol and escape 
through It m bubbles; 
"hould It be diminished, 
the outside proasure 
will force the liquid 
into the bulbs and air 
will enter, thus avoid- 
ing accident. To the 
delivery-tube is attach- 
ed, by means of a rub- 
I her tube, a bottle con- 
taining sulphuric acid, 
to tbe bottom of whicii 
this delivery.tube passes, and through which the gas is made to bubble, 
in order to dry it. From this drying-bottle it passes through n long 
glass tube to the bottom of the cylindrical gas-jar, where, being heavier 
than air, the gas gradually collects. When full, a fact easily ascer- 
tained from the green color of the gas, tbe mouth of the cylinder is 
closed with a glass plate smeared with a little tallow. If a series of 
these jars be closed with glass covers perforated for two tubes, they 
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mny bo suwepaivoly flilej by displacement with the gas. For every 
liter of chlorine gua, 8 grams -of munganesu di-os:ide uJid 20 grams 
hydrodiloric acid (of commercial strength, ap. gr. about 1-16) are rft- 
■[uired. The aeid i» placed in tbo Baalt flret, the di-oxide i» then added, 
and the whole agitated. The evolution goes on for a time without 
heat, but to complete tlie operation the gai benpath must be lighted. 

Cummerciallj, as in Deacon'a process, the oxygen vl llie air may 
be used lo decompose hydrogen cliloride. This prwes 
paGsiiig a miiture of hydrogen chloride and air through heated tubes 1 
euiitainiiig balls of day soaked in a. solution of copper sulphuCe and I 
dried. The topper sulphate remains unchanged, a seri 
diate cuiiipoEitioni and decumpositiuns tal<ing place. The process i» 
continuous, water and chlorine being the only products. Weldou'a 
process regenemtea tho MnCl, by converting it into CaMnO,. ualcium ] 
nianganite. And this, by the action of hydrogen chloride, produt 
HB before MnCL, &nd chlorine. 

150. PropertieB. — I. Physical.— Chlorine ie a yellow- 
ish-green gas — its name coming from jtXmpi^, yeliiiwiah-groen 
— of a peculiar suffocating odor and astringent taste. It is 
totally irreepirable, producing coughing, even when very di- 
lute, and in larger quantity, Lnflaramation of the air-pa»- 
Bagee. Its specific gravity is 2-4ti; it is therefi>re nearly two 
and one half times heavier than air. Under a pressure of 
four atmoflpheres at the ordinary temperature, or when sub- 
jected without pressure to a cold of —40°, it is condensed 
to a dark yellow liquid of Hpecific gravity 1-38, which boils 
at — 3.T-5° and solidifies when cooled to —1(12°. It is quite 
BoluMe in water, one volume of which at 11° dissolves nearly 
three volumes of chlorine g|ia, forming a solution which pos- 
eesses essentially the properties of the gas itself. Cooled to 
0°, a definite molecular compound crystallizes out, which con- 
tains, t« every molecule of chlorine. Id molecules of water. 

n. CHtaiiCAL, — Chlorine has au exceedingly strong at- 
traction for other substances. It combines directly with all 
the elements except oxygen, nitrogen, and carlion. When 
finely divided copper, antimony, or arsenic is placed in the 
gas it combines with it, with the evolutiim of light and 
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heat, to form a chloride. Phosphorus at ordinary tempera- 
tures, and sodium at more elevated ones, burn in chlorine 
spontaneously, forming phosphoric and sodium chlorides. Its 
attraction for hydrogen is specially strong, the two gases ex- 
ploding violently when mixed together and exposed to sun- 
light, or on the approach of a flame. In an atmosphere 
of hydrogen, chlorine gas burns freely, as hydrogen burns 
freely' in one of chlorine. The heat of the combustion of 
hydrogen in chlorine is less than in oxygen, being but 22,000 
(Thomsen) units. Chlorine does not burn in the air at any 
temperature, owing to its slight attraction for oxygen. 

Allotropism. — Chlorine is capable of existing in two 
states or conditions, the one active, the other passive. The 
passive condition is the one obtained when the chlorine is 
prepared in the dark; when prepared in full daylight it 
becomes exceedingly active, capable of effecting unions not 
before directly possible. Chlorine prepared in the dark may 
be mixed with hydrogen, without combination taking place. 
But place the mixture in the full sunlight and it at once 
explodes. So a solution of chlorine in water, placed in the 
sunlight in an inverted jar, loses its color, hydrogen chloride 
being formed and oxygen set free. 

The existence of an element in two conditions, in one of 
which it has different properties from those exhibited by the 
other, is called allotropism. The substance is said to exist 
in two allotropic states. It is probable that allotropism is 
due only to differences in molecular atomicity. 

One of the most noticeable properties of chlorine is its 
bleaching power, due to its attraction for hydrogen. But 
chlorine will not bleach except in the presence of water. 
Water is decomposed by active chlorine, and the oxygen 
which is thereby set free, being evolved in the nascent or 
atomic state, destroys the vegetable coloring matter. Min- 
eral colors in general are unaffected by chlorine. In some 
cases, however, the chlorine may combine with one or more 
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of the MUHtituents of the coloring matter, fDriiiirig thereby 
colorless l-i imitounda. Its tendency to unite with hydrogen 
and thus to deatniy fouI-Braelling gases, of which this hydro- 
gen ia a constituent, is the caiiee of its value as a disinfecting 



ExPBBiHBKTS. — The HctioD of cblonns upon the metalii mny be 
Bhawn by dropping into a, jar of tbe gas tbin leaves of copper or 
bronzo-luHf, or simliJng into it sumo powdered ar!eni<! or antlmonj. 
Tbe raotftls burn spontaneously and vividly na tbey enter the gaa. 
Pliosphonia, introduced in a conibustiojl- 
spoon — a cup attaened to tbe end of a bent 
wire — ^is instantly inflamed. Sodium, if 
proviouaty boated to redness, burns brill- 
iantly in a jar of cblorine. 

A lighted candle lowered into tbe gas 

liurns with H graoky flame at flrat, as shown 

in Fig. 8, but is soon eitinguisbcd. The CombnMion 

rhlorine takes tbe hydrogen of which the ^P"""- 

wax is composed, and tbe carbon is set free in the 

form of emol<e. A more striking way of abowing tbe 

rebitive uttructions of chlorine for hydrogen and for 

Fig. 8. Candle cnrboii ia abown in Fig. 9. A Jar of pare eblorine baa 

''ciSorline,'' thrust into it a piece of thin ti»aua paper, previously 

moistened with «>arm nil of turpentine. The rhlot 

seizes the hydrogen of tbe turpentine, evolving so 

much heat in the combination that the whole takos 

Ore, evolving dense clouds of smoke. 

Either the gas, or its solution in water, may be 
used to show its bleaohing power. Pieces of print 
having various designs upon tbent in color, when 
muiatencd and placed in contact with the cblorine. 
will have their colors discharged. A piece of papiT 
covered with cbaracters, partly written and partly 
printed, loses entirely all the writing upon it when 
placed in cblorine; the writing-ink being attacked, 
while the printing-ink, made of carbon, is unafiboted, Plg.s.Turpcui 
The action of oxygon upon hydrogen chloride to mcninrinc 
■at free chlorine and the apparently contradiutory action of chlor 
upon hydmgcii oxide to set free oxygen afford an interesting cxniii 
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of the law of maximum work. Since to form a molecule of water- 
vapor 57,160 heat-units are evolved, while to decompose two mole- 
cules of gaseous hydrogen chloride only 44,000 heat-units are absorbed, 
the reaction ^^^^^^ _^ O = H^O + Cl^ 

is evidently an exothermic reaction and therefore takes place without 
outside aid. So, on the other hand, since the formation of two mole- 
cules of hydrogen chloride in solution in water evolved 78,630 heat- 
units, while the decomposition of one molecule liquid water absorbs 
only 68,360 heat- units, the converse reaction 

H^O + 0\ = (HCl), 4- O 
is also exothermic, and under the given circumstances will take place 
without the assistance of external energy. 

161. Tests. — Free chlorine may be detected readily by 
its odor, and, if pure, by its color, its bleaching action upon 
indigo, and by the dense white fumes which it gives with 
ammonia. In solution, it is detected by its power of dis- 
solving gold leaf. In combinations, it yields with solutions 
of silver salts a white precipitate of silver chloride, insoluble 
in nitric acid. 

162. Uses. — Chlorine is used very largely in the arts for 
the preparation of the so-called chloride of lime, the form in 
which this gas is made available as a bleaching agent. The 
process employed on the large scale is the second given in a 
former section. Salt and sulphuric acid, together with man- 
ganese di-oxide, or sometimes nitric acid, are heated together 
in large leaden vessels, and the gas as produced is conducted 
into long, low, stone chambers, upon the floor of which dry 
slacked lime is placed for the purpose of absorbing it. 

COMPOUNDS OF CHLORINE WITH HYDROGEN. 

Hydrogen Chloride. — Formula HCl. Moleevlar mass 36*87. 
Molecular volume 2. Relative density 18 '18. The m^ss of 1 
liter at 0^ is 1*63 gr^ams (18*18 criths), 

153. History. — Only one compound of chlorine and hy- 
drogen is known ; this is hydrogen chloride, or as it is more 
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frequently called, hydrochloric acid. It was known to the 
alchemiata under the name " spirit of eaJt." Glauber iu the 
17th century gave it the name muriatic acid, from the Latin 
murla, brine. The pure gas was tirst obtained by Priestley 
iu 1772, though it waa not till 1810 that its true composition J 
was ascertained by Davy. 

154. Preparation.— I, Since chlorine and hydrogen are 1 
both monads, and their molecules are both di-atomic, it fol- 
lows that they unit£ iu equal volumes. Hydrochloric acid 
may be formed therefore by the direct union of equal volumes 
of itfi oonstituenta, according to the equation : 

H, + CI, = (HCl), 
This equation also declares that the volume of the hydrogen 
chloride is the same as that occupied by the hydrogen and 
chlorine which formed it. 

EXPKRIMKNTS. — If a EUitlllllw 

jar ba fllled. one hulf witb lijilro- 

gen. the other hall' with chlurine, 
a flitine be applied to tUi; 

open mouth as Bhown in FJg. 10, 

I smart eiplo^>lun takes plac^e, 

. and white fumes of hydroehluric 

acid are formed. In this eEpori- 

menti it is woll to wrap a towol 

ftbout the cjtiudur. to provetjt 

the pieces from flying in ctue of 

breakage. If the glass be strong 

enough, the mixture of gases mny 

be .exploded by exposing the jnr 

to sunlight. On opening it after- 
ward, witb the mouth under roer- S^K. 10- Direct anion nt Hydrog 

oury, none will enter, tlios show- 
ing that tlia volume of the hydrochloric arid pniduted ia the t\ 
.. that of the cbli'rine and liydrojren before union. 

II. The second method of preparing hydrochloric acid, 
and the one usually employed, is by the action of sulpbiirio j 
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acid upon a chloride, generally Bodium cbloride, or salt. The 
reaetioQ is : 

(NaCl), + H,(80.) = Na,(80.) + (HCl), 

Soddim cWurufe. Hydrogen taiphaU. Sodivm sKlphote. Hydrogen diSoriili: 

By passing the gas thus set free through water so long as it 
is absorbed, the liquid acid is obtained. 

Experiments. —Flic tlie preparation of tlie gaa from suit and sul- 
phuric acid, the apptiraliis shuwn in Fig. 11 may be employed. Thu 
salt ia placed in the flask, und upon it is poured, througb the safety- 
tube, twioe its weight uf sulphuric acid, previouBly diluted with oiiu- 

? 




fourth ite volume of water. Upon apply: 

ig copiously evolved, and may be collec(«d either 

displacement. 

If it is desired to obtain the liquid acid, the gt 
water contained in the series of bottles shown i 
Woulfe's bottles. The first bottle, which is s 
contains water to wash the gas, which then 
bottles, charging the water in each in suci^oision. 

166. Properties. — Hydrogen chloride is a colorless, pun- 
gent, acid gas, which fumes strongly in the air, is irrespira- 
ble, and extinguishes flame. Its critical temperature is 52'.S°, 
and ite critical pressure is 8ti atmospheres ; so that when sub- 



i heat, the gns 
!t!T mercury or by 

as is passed through 
in the figure, railed 
lUer than the others, 
Lsses into the larger 
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jecled to a prensiire-of 40 atranHpheree at 10°, or of 2 atiuos- 
jiheres at — 70°, it ia etiDfleiiaed tu a culorleee limpid liquid 
having a specilic gravity of 1-27, boiling at — S0'3° undL'r 
atmospheric [ireaaare, and aolidilying at —116°. It is re- 
markably soluble in water, otie volume of which dissolves 
450 volumes of this gas at 15°, tbrmiog the liquid acid. 
This aoid cwntainfl about 43 per ceat of hydrogen chloride, 
and has a specific gravity of I'^l; wheu heated it evolves 
hyrfrochloriu a*;id ga*, until, under the ordinary atmospheric 
pressure, the solution has a specific gravity of 1-104, and 
contains 20-22 percent of the gas; then the boiling point 
remains stationary at 110°, and the liquid distills over un- 
changed. 




Fig. 12. Common'lal PrppiMlion ol BCI. 

The composition of hydi'ogen chloride may be determined 

by analysis. If two volumes of the gas be acted on by p<)t4i8- 

sium, only one volume remains and that is hydrogen. In a 

similar way the electrolysis of a solution of hydrogen chloride 
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yields equal volumes of chlorine and of hydrogen. Hence, 
since this substance contains equal volumes of hydrogen and 
chlorine, there must be 35*37 units of mass of chlorine for 
every unit of mass of hydrogen. 

Experiments. — The solubility of hydrogen chloride in water, and 
at the same time its acidity, may be shown by removing the stopper 
of a tall cylinder filled with the dry gas, beneath the surface of water 
colored with blue litmus solution. On agitating the vessel a little, the 
water enters as if into a vacuum, the cylinder being not unfrequently 
broken. 

On cooling the concentrated solution to — 22°, a compound with 
water separates in the form of crystals having the formula HC1(H20)2. 

166. Uses. — Hydrochloric acid is manufactured on an 
immense scale in the arts, chiefly as a waste product in the 
soda industry. The salt is treated with sulphuric acid in 
cast iron cylinders placed in a furnace, as shown in Fig. 12, 
and the gas as evolved is condensed in water contained in 
large Woulfe bottles made of earthenware. It is used for 
various minor purposes in the chemical arts. 

§ 2. Bromine, Iodine, and Fluorine. 

Bromine. — Symbol Br. Atomic mms 79*76. Vcdmce I, V, 
and Vn. Specific gravity 3*187 a^ 0°. Relative dendty of 
vapor 79*76. Molecular weight 159*5. Molecular volume 2. 
The mxi88 of 1 liter of hromine-vapcyr at 0° is 7*15 grams 
(79*76 (yriOiB)^ 

167. History. — Bromine was discovered in the water 
of the Mediterranean sea by Balard, in 1826. On account 
of its disagreeable odor, he gave it the name bromine, from 
^pa>/jLo<:, stench. 

168. Preparation. — On evaporating the water of many 
saline springs^ the salt crystallizes out, and there is left a 
solution of the more soluble salts — called the mother-liquor 
or bittern — which is rich in bromides. By heating this bit- 
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tern with niauganeee di-oxide auii sulphuric acid, the cliio- 
ridee iu it are decumpoeed, yielding chlorine, wbich, in its 
turn, Bete the braniiDo tree &oiu the bromides. The vapurs 
of the broiuiue are led into a cooled receiver, where they 
condense into a liquid. 

159. PropertleH. — BrDmine is a heavy, dark browuish- 
red liquid, of a disagreeable (idor, somewhat recalling that 
of chlorine. At a temperature of 63" it boils, and is con- 
verted iuWi a deep red vap<)r which is five and one half timefl 
denser than air. Cooled to — 22°, it becomes a dark, lead- 
gray crystalline solid, with a metallic luster. It is but slightly 
soluble in water, thirty-three parts of which dissolve, at 15°, 
but one part of bromine. 

Chemically it is similar to chlorine, but less active. Hence 
chlorine sets it free from its combination. Several of the 
metals burn in its vapor, and it exerts a decided bleaching 
action. It is an active corrosive poiatm. 

Bromine colors starch yellow ; and a bromide in aqueous 
Btilution precipitates silver from its solutions, as yellow silver 
bromide. It is used principally in photography and in med- 

loDiNE.— SyHifto/ I. At'imk nam 126-f)4. V<ih^ux I, UI,V, 
ofirfVII. Spee:ifr gravity i-^5. Relatioe vapor-(ki>Mty \26-^4. 
Moleendiir maM 253-08. Molecular volume 2. The nuun vf 
1 liter nf ioiline-vapirr at 0° is 11-37 (jruma (126'54 crt(A«). 

160. Hlstorj-. — On the coasts of Scotland and Nonnandy 
large masses of sea-weeds were formerly burned in order to 
extract the soda which they contain. The semi-fused ash — 
called kelp or varec-^was dissolved in water and the soda 
salts cryslulliwd out. It was in the mother-liquor thus oh- 
tniae<l thai iodiue was first di^wovered by Oourtols in IMU. 
Its elementary character was determined by Davy and G-ay- 
IiUS8€ka in 1«i3. Its name is from /<u'>>)c, violet-colored, in 
alliieion to the beautiful color of its vapor, 
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Fig. 13. Crystals nfludiii. 



ml. PreimratiHn. — It is prepared uomiiiercially iii the 
same way as bromiiie, by distilliug tbe mother-liqiiore jiir^L 
mentioned with manganese di-oside and siilpliuric acid, and 
condensing the vapors; or by passing chlorine or nitrous 
acid through the mother-liquors, wben the iodine will fall as 
a precipitate. 

Ifi2. Properties.- — Iodine Ls a bluish-black solid, haviug 
a metallic luster, and crystalHziug in rhombic suales, or, not 
infrequently, in well-defiued ortho-rhombic oetahedrous. Fig. 
13. Heated to lOT" it melts, and at 180° boils, evolving a 
dense, magnilicent violet vapor, which 
is 8'72 times heavier than air, and is 
therefore the heaviest vapor known. 
At 1500°, however, the relative density 
oi' the vapui' is reduced one half; and 
heuce the molecule is mouatomic. It 
is only slightly soluble in water, one 
part of iodine requiring 7,000 parte of 
water at ordinary temperatures to diaeolve it. It disaolvee 
readily in alcohol, ether, carbon disulphide and chloroform; 
and also in ai^ueous solutions of potassium iodide. 

In chemical activity it is third in the series, being next U> 
bromine. It bleaches but faintly, if at all, in full sunlight, 
. but combines directly with the nietalsi, forming iodides. It 
stains the skin yellow, but is not an active poison. 

Starch is a characteristic reagent for free iodiue. It strikes 
with it a deep blue color, which is so intense that one part 
of iodine may be detected by it in 300,000 parts of w.iter. 
The most delicate test for iodiue is the purple-red color it 
produces when dissolvetl in carbon disiilphide. One part of 
iodine in 1,000,00(1 parts of water may be detected in this 
way. Soluble iodides produce characteristic precipitates with 
mereurouB, mercuric, and lead salts. 

ExFBKlMEd'rs. — Tllc process of ohtaining iodine ninyho illilatmteil 
liy ndiliii^ b' II aiilutiun of puta««iuiti iodide coiitnined in ii Lett-Lube tk. 
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few drops of chlorine-walor. The litjuid bectimes brown in color from 
tlie iodins set free, uiid upon a^ritaUiig it with ether, the iodine is dis- 
solved by the ether and formi a dark brown layer above, while the 
aolutiim belnw is (wlorleas. Upon pouring off the uthcr arid agitating 
it with a little solution of potassium hydrute. potassium iodide h 
formed iind the ether is decolorized. 

The fumes of iodine are conveniently exliibited by throwing some 
iodine upon a heated brick, and then covering the whole with a large 
bell-glass. To show its Eo:iction with starch, add n drop of the alco- 
holic solution to a very dilute solution of starch contained in a tall 
jar. The blue color, upon a{;itation, will penetrute the entire mass. 
This esperiaiont may be njodifiod by adding a few drops of potassium 
iodide t(i a dilute solution of starch, and then a few drops of chlorine- 
water. The iodine does not color the starch until set free by the 
chlorine, when the blue appeare. 

Add a few drops of potassium iudide to some wai«r contained in 
each of three tall test-g lasses. Upon dropping into the first a little 
of a solution of lead acetate, a brilliant yellow precipitate of, lead 
iodide is obtained. The second, treated with a few drops of mercu- 
roU8 nitrate, gives ft bright yellowish-green precipitate of niereurous 
iodide. While the third, upon the Addition of a little mercuric chlo- 
ride, givef Hcarlet mercuric iodide. 

163. Uses, — Lidine is largely used in medicine, both free 
and ill combiuatiou. It is particiilurly serviceable in gland- 
ular aflections. It is also need extensively in photography 
and in the preparation iif aniline uoIufh. 

Fluorine. — BtjnAd F. Atomic mam ly-OB. VnUiirt JII (?). 
Mdemiiar ma*» 38'12 (?J. MoUmilar volume 2 (?). Rdaiive 
detmty 19-06 (?). The ma^ of 1 litfr at 0° w 17 grams 
(19-0« m'rM (?}. 

104. Prt'iMinitioii jhmI Pr<»|K'ptie«, — The mineral known 

a." Huoriti', flimr or IKTliyflii"-' '■[nir, is a compound of fluor- 
ine with caleiutii, CaF, ; and the niiiti^ral cryolile ie sodio- 
aluiiiiuuiu fluoride, Na,AIF,,. From either of these minerals 
hydrogen - potassium fluoride rimy he prepared, and by the 
aeliuu of heat on this, anhydroue hydrogen fluoride is ob- 
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tained. By the electrolysis of this substance placed in a 
V-tube of platinum and cooled to — 23° by boiling meihyl 
chloride, Moissan obtained at the positive electrode a color- 
less gas, having an odor like that of hypochlorous acid, and 
possessed of an extraordinary activity. It unites directly 
with hydrogen even in the dark, and decomposes water read- 
ily, setting free ozonized oxygen. Sulphur, selenium, phos- 
phorus, iodine, arsenic, antimony, silicon, boron, potassium, 
and sodium take fire in it spontaneously. Potassium chlo- 
ride and iodide are attacked by it when melted, the chlorine 
and iodine being set free. Carbon disulphide is inflamed by 
it ; and carbon tetrachloride evolves chlorine when this gas 
is led into it. Organic substances are violently attacked and 
inflamed in it. Quantitative experiments with iron showed 
the absence of every other substance, and proved the gas 
thus obtained to be fluorine. It therefore appears that the 
activity of fluorine surpasses that of all the other elements. 

By igniting platinum fluoride, Moissan has obtained fluor- 
ine in a purer form. Its name comes from that of the min- 
eral fluor spar just mentioned. Fluorite comes from the 
Latin flwOy I flow, because it is used as a flux in the reduc- 
tion of metals. 

HYDROBROMIC, HYDRIODIC AND HYDROFLUORIC ACIDS. 

165. Hydrogen Bromide or Hydrobromic Acid. — 
Formvia HBr. Molecular mass 80*76. Molecular volume 2. 
Relative density 40*38. 

Hydrogen bromide may be obtained directly by passing a 
mixture of hydrogen and bromine vapor over heated plati- 
num finely divided, or indirectly by acting upon phosphorus 
with bromine in presence of water. The phosphorus and 
the bromine first unite to form phosphoric bromide accord- 
ing to the following reaction : 

p. + (BV,„ = (PBr,), 
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which, M fiiflt as, formed, ie detHira posed into phosphoric 
and hydrobroiuic acid by the water ]>reaent : 

PBr, + (H,0). = H,PO. + (HBr), 

Hydrobromic acid is a colorless acid gas, fumiug stroogly J 
in moial air, and very soluble in wat«r. Cooled to —73° \t% 
beoiniea a liquid, and this at the temperature of — 
Ireezefi. 

160. Hyclr<«eii ludlde or Hydriodlc Acid. — FomM/ial 
HI. Moleeular nwiw) 127'54. Molw-idar vulmw 2. RAntiw\ 
deimib/ 63-77. 

Hydrogen iodide may be readily prepared by heating to- I 
gether potassium iodide, iocline, and phuMphorua, in presence 1 
of water. The reaction is analogous to that above giveu for 1 
hydrogen bromide: 

(KI). + p, + (I,)^, + (H,0). = 

Potastiiiim iodiilt:. Pltospfu/run. Jmfiiie. Wnfrr. 

(HI),. + (HK,(PO.-)), 

UyilTiodie and. Updro-iU-iiolaaeivm pluwplmlr. 

Hydriodie acid is also a co!orlef« gas, of specific gravity 1 
4'4I, which has an acid reaction and fumes in the air. It J 
is easily condensed to a Iii}uid by a pressure of four atnios- 1 
pheres at l)°, and this liquid, cooled to —51°, freezes 
clear ice-like solid. It is as soluble In water as hydrogen 1 
chloride, yielding at 0° a wdution of 8]>ecific gravity l-iJ 
A weaker solutiou, of specific gravity 1-7, distills over at I 
127°, and contains 57 per cent of hydrogen icxlide. This.] 
solution is much useil as a reducing reagent in organic chem- 
istry. At 180" the gaa decomposes into hydrogen and iodine. - 

167. H.vdroHuorlo Aptd. — Formvla HF. MnUculitr m 
2(>'06. Molst^ilar ti>liinw 2. Behiiiie iJenmty 10. 

Hydrogen fluoride is generally prepared by the action of J 
sulphuric acid upon calcium fluoride ; calcium sulphate and ] 
hydrogen fluoride resulting: 

CaF, + H/SO.) = Ca(SO,) + (HF), 
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The process must be conducted in a vessel of lead or of plat- 
inum, as the gas readily attacks glass. It may be obtained 
anhydrous by heating hydrogen-potassium fluoride. 

Hydrofluoric acid is a colorless gas, which fumes in the 
air and reacts strongly acid. The anhydrous gas condenses to 
a liquid at 0°, which boils at 19*5°, and solidifies at —102*5° 
as a transparent crystalline mass, fusing again at — 92*30°. 
As obtained by the above reaction, it is a liquid having a 
specific gravity of 1*06, owing to the presence of moisture. 
The strong acid corrodes the skin powerfully, giving rise 
to painful ulcers; and the fumes, if inhaled, produce serious 
irritation of the lungs. 

At temperatures of 100° and above, hydrogen fluoride 
has a molecular mass of 20*06, corresponding to the formula 
HF; but at about 30° its molecular mass is double this 
value, or H.^F.,. It forms two classes of salts, HMF.^ and 
M.^F2, in which M represents any metal; and hence H.^F., 
represents probably the size of the molecule under ordinary 
conditions. If fluorine be trivalent, the graphic formula of 
hydrogen fluoride will be H— F=F— H, and that of cryolite 

.F=F-Na 
AlfF=F-Na. 
^F=F-Na 

• 

This substance when moist is distinguished from all others 
by its remarkable property of attacking glass. With the 

silicon of the glass the fluorine combines 
to form a gaseous silicon fluoride. The 
acid is used extensively in the arts for 
etching glass, the highly ornamented door- 
lights now so common being prepared by 
this agent. Used as a liquid, the etched 
„. , , surface is left smooth ; but when the ffas 

Fig. 14. . . . 

Etching by HF. is applied, the surface remains rough. 

Experiment. — Place some finely pulverized fluor-spar or cryolite 
in a dish of lead, or preferably of platinum (Fig. 14), and pour upon it 




RELATIONS OJf THK HALntiEX flHOVf. 



12» I 



tome atniiig siilpliurio iioid. Cuveir tbu ilbli with n glnse plate, upvn 
the lower side of which is a thin layer uf wiix, tbrough which some 
cbar»u!tEirs have been drawn with u fine puint. Place the whole on a 
suitable stand and heat verv gently Air x few Diimitof. if nuw the 
wfti: be removed from the plate, the deviue drawn will he found etched 
upon the gluH. 

S S. Rklations of the Halooes Group. 



168. Cliluriuc, kromJiie, aud iodine constitute a closely 
alliwl group of elemeutj^. Even iu their pbywieal properties, 
there U a remarkable prfigreswion ohBervable. Ab to physical 
state, chlorine ia a gas, bromine a liquid, iodine a solid ; as 
to color, chlorine is ye Ho wish -green, bromine-vapur is brown, 
iudine-vapor purple ; as to density, chlorine comes first, then 
bromine, then iodine. All of them exist iu the solid, liquid, 
and gaseous forms, and change from <me to the other at tem- 
peratures not fer apart. 

The same is true of their chemical properties. The atomic 
r9'76, is nearly a mean between that of 
1 26-54+35 '37 



chlorine and iodine, - 



=80-95. Chlorine is more 



active than bromine, and bromine more than iodine. Indeed, 
as is frequently the c^se with allied negative elemeuls, the 
cheniism seems to vary inversely as the atomic weight. As 
a whole, therefore, the group furnishes an excellent illustra- 
tion of the periotlic law (page 2^5). 

Moreover, the hydrogen compounds of these elements are 
similarly constituted and exhibit a similar gradation in prop- 
erties. Their binary coiniwunds with potassium aud sodium 
all resemble sea-salt; hence these compounds arc frequently 
called baloid salts, aud the elements haJoeons, 
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EXERCISES. 
SI. 

1. In what compounds doos chlorine occur in nature? 

2. What volume does 32 grams of chlorine occupy? 
8. What is the mass of 2356 cubic centimeters? 

4. How many grams of platinic chloride are required to give 25 
grams of chlorine? To give 500 cubic centimeters? 

6. How many liters of chlorine from 20 grams of hydrochloric 
acid gas? How much manganese di-oxide is needed? 

6. Liquid hydrochloric acid of specific gravity 1-20 contains 41 per 
cent of HCl; one liter will yield how many liters of chlorine? 

7. Commercial manganese di-oxide is seldom pure; what per cent 
of MnOj does a sample contain, 30 grams of which heated with HCl, 
gives 12*04 grams chlorine? 

8. One kilogram of salt contains how many grams of chlorine? 

9. One cubic centimeter salt contains how many cubic centimeters 
of chlorine? (Specific gravity of salt 215.) 

10. 150 liters of chlorine, at 15°, and under 742 mm. ))ressure, are 
required; how many grams of salt, of sulphuric acid, and of manga- 
nese di-oxide, are necessary? 

11. Give the formulas and names of the compounds of chlorine 
with Ag', Cu", Co", Sb'", W\ Sn'v, Ti'v, Pv. 

12. Calculate the percentage composition of silver chloride. 

18. If ten c. c. of hydrogen diffuse into an atmosphoro of chlorine 
in one minute, how much clilorine will ditTuso into the hydrosj^en in 
the same time ? 

14. One cubic meter of H(^l contains what mass of (-1? 

15. What volume of CI will convert one liter of H into HCl? 

16. Calculate the specific gravity of HCl from its relative <lcnsity. 

17. What volume has one kilogram of HCl gas? 

18. One liter of HCl passed over heated iron, yi<*lds wliat voluino 
of hydrogen? 

19. Write the reaction which takes place in replacing the .aiKliuin 
in salt by hydrogen. 
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20. How many kilograni'? of HCl gas may be obtained from 28 
kilograms of salt? How many liters? 

21. How much sulphuric acid would be required to decompose it? 
How much Naj(S04) would be obtained ? 

22. One liter of liquid acid, specific gravity 1*21, contains how many 
grams of HCl? How many liters? 

23. How many kilograms of salt and of sulphuric acid are required 
to produce 150 kilograms of liquid HCl, containing 24*24 per cent 
of the gas? 

24. What mass of potassium hydrate is required to neutralize one 
liter of hydrochloric acid gas? 

25. Ten grams of the liquid acid precipitated 2*26 grams silver 
chloride from a solution of silver; what percentage of HCl did the 
solution contain? 

§2. 

26. What is the mass of one c. c. bromine-vapor at 150° and 760 
mm.? , 

27. Fifty c. c. of HBr decomposed by Na, gives what volume of H? 

28. What volume of HBr will 10 grams of Br give? 

29. If a liter of HI and one of chlorine be mixed together, what 
will be the reaction? What will be the resulting gaseous volume and 
what its composition ? 

30. Show that the liquid hydriodic acid which contains 67 per cent 
of HI, is not a definite hydrate. 

31. What volume does 100 grams of H2F2 occupy? 

32. What volume of H is contained in 250 c. c of HgFg ? 
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CHAPTER THIRD. 

NEGATIVE DYADS. 
§ 1. Oxygen. 

Symbol O. Atomic mass 15 '96. Valence II. Relative deiinity 
15*96. Molecular viass 31*92. Molecular volume 2. The 
mass of 1 liter at 0° is 1*4298 grams (15*96 crWis), 

169. History. — Oxygen was discovered by Priestley iu 
1774, who called it dephlogisticated air. The following year 
Scheele discovered it independently, and gave it the name 
empyreal air. Oondorcet called it vital air. After the 
overthrow of th^ theory of phlogiston by Lavoisier in 1781, 
he gave it the name oxygen, from the Greek o^i)^ and yv/Wuo, 
acid-former. 

1-70. Occurrence. — Oxygen is the most abundant ele- 
ment in nature. It exists free in the atmosphere, of which 
it forms a fifth part. Combined with other elements, it con- 
stitutes two thirds of the entire globe. Water is eight ninths 
oxygen, silica is one half oxygen, and alumina one third 
oxygen, by weight. Fully one half of the weight of all 
minerals, three quarters of the weight of all animals, and 
four fifths of the weight of all vegetables, is oxygen. 

171. Preparation. — The atoms of compound molecules 
containing oxygen may be re-arranged so as to yield simple 
oxygen molecules : 

I. By the action of some physical agent; as 

(a) Heai, — Mercuric oxide, when exposed to a high tem- 
perature, is resolved into mercury and oxygen : 

Hg = Hg O 

becomes and || 

Hg = Hg O 
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(h) Light, — Carbon di-oxide in the leaves of plants yieldi?, 
under the influence of sunlight, carbon and oxygen : 

(CO,), = C, + {0,\ 

(c) Electricity, — In the electrolysis of oxygen compounds. 

II. By the chemism of some other element assisted by 
some physical agent, generally heat: as when chlorine actt* 
upon the vapor of water at a red heat, producing hydrogen 
chloride and oxygen : 

{Kfi), + (Cy, = (HCl), + o, 

or upon calcium oxide or lime, producing calcium chloride 
and oxygen : 

(CaO), + (CI,), = (CaCl,), + O, 

Experiments. — The original experiment by which Priestley dis- 
covered oxygen is an interesting one, and may be performed with the 
apparatus shown in 
Figure 15. An or- 
dinary test-tube — 
coated with cop- 
per by electro -de- 
position for about 
two inches from the 
sealed end— is used 
to contain the mer- 
curic oxide, and is 
supported above 
the gas-burner by a 
clamp. By means 
of a cork and tube, 




Fig. 15. Prepamtion of Oxygen from Mercuric Oxide. 



the oxypjen as evolved is conducted beneath the mouth of a glass 
receiver filled with water, standing in the porceluin cistern. 

The usual method of obtaining oxygen is by heating potassium 
chlorate, when the following reaction takes place: 

(KCIO3), = (KCl), I- (O..), 

But, since this decomposition takes place at a very elevated tem]>era- 
ture, and then with almost exj)losive rapidity, it is found convenient 
in practice to mix the salt with one fourth of its weight of some 
metallic oxide, such as ferric or cupric oxide, or manganes-^ di-oxido. 
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The mode in which these oxides mi is not ceitainly known ; but by 
their use the oxygen is evolved with great uniformity and at a far 
lower temperature, though it is not quite as pure. The oxide is ap- 
parently unchanged by the operation. The apparatus employed is 

shown in Fig. 16. The 
mixture of potassium 
chlorate and mangan- 
ese di-oxide is placed 
in a flask standing in 
a sand-bath, through 
the cork of which a 
bent glass tube passes 
to convey the oxygen 
as set free to the cyl- 
inder previously lilled 
with water and stand- 
Fig. 16. Preparation of Oxygen from Potassium ^"^ ^" *^® water-cis- 

Chlorate. tern. Upon applying 

heat the gas is regularly evolved and may be collected for examina- 
tion over water as shown in the figure, or, as it is heavier than air, by 
displacement. When larger quantities of the gas are required, the 
glass flask may be advantageously replaced by a conical flask with a 
flat bottom made of sheet iron. 

172. Properties. — I. Physical. — Oxygen is a colorless, 
odorless, and tasteless gas. It is somewhat denser than air, 
its specific gravity being 1 '10563. Water dissolves it slightly, 
100 volumes at 0° taking up 4*1 volumes of oxygen. When 
subjected to a pressure of 20 atmospheres, at a temperature 
of — 136° obtained by immersing it in boiling ethylene, it is 
condensed to a transparent liquid having a density somewhat 
less than that of water. Its critical temperature is —118° 
and its critical pressure is 50 atmospheres. Under those con- 
ditions its density is 0*65, which increases to 0*87 at —139° 
and to M24 at —200°. The liquid oxygen boils at —181° 
under a pressure of one atmosphere and at —198° under 
a pressure of six millimeters. Its expansion -coefficient at 
— 139° is 0*01706. Its refractive power is to that of air as 
0*8616 to 1. It is strongly magnetic ; calling the magnetism 
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of irou 1,000,000, that of oxygen is 377. Hence tlio imig- 
netic {lower uf the atmospheric oxygen \» quite ajiprpeiai>le, 
being equal to that of a layer of iron covering the eartJi to 
the thickness of 0-1 millimeter. The diurnal variatione of 
the magnetic needle are supposed to be due, at least par- 
tially, to variatiuutf in the inteuuity of thiij magnetieiu, owing 
to changes of temperature. 

II. Chemical, — Oxygen is capable of entering into com- 
bination with all the elements but duorine. But, in the state 
in which it is usually obtained, au elevation of temperature 
is necessary to bring about ihLs union. Combustion, in the 
ordinary uee of that term, is union with oxygen, attended 
with light and heat. When hydrogen, sulphur, charcoal, 
phosphorus, sodium, and irou, for example, are brought in 
contact with oxygen at a suitable temperature, they bum, 
evolving heat and light, and producing oxides of these sub- 
etances. Oxygen is therefore au intensely active substance, 
in which the rapidity of ordinary combustion is vastly iu- 
creafied. It is respirable when pure, and pi'oducea a quick- 
eiiiug of the circulation. 

BxpEMMENTS, — A lighted candle bums fur more brillimilly in 
oxygon than in air. 11' it be blown out. leaving a cpark upon llic 
wiitk, it ie immediately rehindlod in uxygen gRs, with h iilii;1it pull'. 
It is by Uiis means indeed Ibut l\m gHS is recognized, a eliver uf 
wood with n spiirk upon tho end bursting into flania in oxygac. In 
this way a jnr flilinjj with the gas by dieplneeniant may be from time 
tn timo l«3ted. 

A piece uf cbnrcoal — that frotn oak or «pruce is beet — Imving u 
spark upon it, bursts into vivid [■ombu^tion when placed iJi u jar 
of oxygen. Sulphur, lii;hted and introduced in a combustion-spoon, 
burns with a bright blue Same. .Sudiuni, bented to reJnesB, hums 
with a dazsling liglit. Iron^uaed tn tlin form of wat«h spring or 
of small tiXTf:, to wbiuh the end oF a niati'b is tied — burns in oiy);oii 
with great activity. 

The most brillinnt eiperiinent with iiiygen is the combustion in 
it of phosphorus. A very neat apparatus for this purpose is shown 
ijl Pig. 17. A liglil wire iMfH"! Iins ii ring nt ita upper part for sup- 
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porting a globe to contain the gas, and just below it a shallow cup, 
containing water, into which the neck of the globe enters. From the 

center of this cup rises a wire crowned by a small 
hemispherical cup to receive the phosphorus. The 
globe is filled about four fifths with oxygen by dis- 
placement, and is then inverted on the stand. When 
all is ready, a piece of phosphorus is cut from a 
solid stick, and very thoroughly dried between sheets 
of blotting or filtering paper. The globe is raised, 
the piece of phosphorus dropped into the cup, in- 
flamed by a hot wire, and the globe replaced. The 
combustion is at once exceedingly vivid ; but in a few 
seconds the phosphorus becomes volatilized by the 

p'hosphorus^in^^ ^^*^t' ^"^ ^^^^'^ burns throughout the entire mass of 
Oxygen. \\^q oxygen with a brilliance almost inconceivable. 

If now, after cooling, water be added to the jars in which these 
combustions have occurred, a direct union will take place between 
the water and the oxide produced. Carbon produces carbon di-oxide; 
sulphur, sulphurous oxide; sodium, sodium oxide; iron, tri-ferric tetr- 
oxide; and phosphorus, phosphoric oxide. WitfT water, the negative 
oxides of carbon, sulphur, and phosphorus yield carbonic, sulphurous, 
and phosphoric acids; and upon testing the water with a solution of 
blue litmus, it will be found to be reddened. With water the positive 
oxide of sodium yields sodium base, and this turns a solution of red 
litmus blue. The oxide of iron produced does not form hydrates, and 
hence in this jar the litmus is unafllected. 

173. Uses. — Oxygen is used in the arts for increasing 
the intensity of combustion, for purposes either of heat or 
light. Various methods have been proposed for its manu- 
facture from the air on the large scale, the best of which 
are: (1) Tessie du Motay's, which consists, first, in passing 
pure air over a heated mixture of manganese di-oxide and 
sodium hydroxide, producing by its oxygen sodium manga- 
nate ; and second, in heating this nianganate still higher, by 
which, with the aid of a current of steam, it is decomposed 
into the original materials again, setting the oxygen free. 
(2) Mallet's, in which cuprous chloride is oxidized by pass- 
ing air over it at a high temperature, to cupryi chloride, 



BISTORT OF OZOXR. 131 

which al a higher leiiij>eraturc liecomes cuprous chluride and 
oxygen agaiu. (SJ Bouesingaulfg, which cousinte in paeeiiig 
muist air over heated barium t>xide, whereby it iu oxidized to 
barium peroxide ; aud then ra.iging the temperature of thie 
jreroxide to 400°, by which it is decomposed into barium 
oxide and oxygen. And [4j Deville's, which eonsiets iu the 
decomposition of sulphuric acid by heat. 

In the natural world, the uses of oxygen are well-nigh 
infinite. Diluted with nitrogen in the air, it is continually 
entering and leaving chemical combinatious, setting free in 
the former and absorbing in the latter enormous stores of 
energy. It is by the oxygen of roepiralion that the energy 
of living beings is set free from their food ; it is by the sep- 
aration again of oxygen by the sutdight that that energy is 
stored up anew in this tbud. Faraday has calculated that 
6,000,000,000 pounds of oxygen are daily consumed in the 
respiration of animals; and that the daily coDSumption of 
oxygen for all purposes whatever reaches the enormous sum 
of 7,142,857 tons! We have not, however, to fear an ex- 
haustion of the supply, since the air of the globe, were no 
oxygen added to it, coutains enough of this gas to supply 
s demand for 480,000 years. 



OzoKE.— iUflfecuAir/oiiftMii O,. MnfeeuiaT moM 47'88. Molee- 
idar volu-me 2. lUMiw lieimty 23-94. T/w hmw* of 1 liier 
at 0° is 2-145 ijratm (23-94 crilhs"). 

174. Historj-. — Oxygen, like chlorine, is capable of ex- 
isting in both passive and aetive slates. The passive condi- 
tion is the oue we have just consitlered. The active condi- 
tion is termed ozone. A^ early afi 1785, von Maruin no- 
ticed that oxygen, ui>on beiug electrified, ucquiretl an odor 
strongly resembling that perceived after a stroke of light- 
ning, and usually termed "sulphurous." It was not until 
1840, however, that any accurate experimenUf were made on 
the subjccl. Then Schonbein iiiiticed the (Similarity between 
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the electrical odor and that produced in the electrolysis of 
water and in the slow oxidation of phosphorus and of sul- 
phur ; and showed that in each of these cases the substance 
produced turned paper moistened with a solution of potas- 
sium iodide and starch, to a deep blue. The same year Ma- 
rigrnac and De la Rive proved this substance to be modified 
oxygen. In 18t52, Becquerel and Fremy showed that pure 
oxygen could be entirely converted into ozone. In 1860, 
Andrews and Tait showed that a contraction of volume 
took place when oxygen became ozone ; and in the same 
year Soret showed that oil of turpentine absorbed the entire 
ozone molecule, and in this way determined its relative den- 
sity ; confirming his results in 1867 by the method of diffu- 
sion of gases. The same year Andrews suggested that the 
substance in the air which affected test-papers was ozone. 

175. Preparation. — Oxygen may be condensed to ozone : 

I. By physical methods ; as 

(a) Heat; as when a spiral of platinum wire is heated 
in air. 

(6) Light; as when essential oils become strongly ozon- 
ized in the sunlight. Or, as when the oxygen set free from 
growing plants by sunlight, contains ozone. 

( c) Electricity ; 1st, by the electric silent discharge through 
oxygen ; 2d, in the electrolysis of water acidulated with sul- 
phuric and chromic acids. 

n. By the chemical process of slow combustion, and in 
some cases, of active combustion also. And by the decom- 
position of barium peroxide and potassium permanganate by 
sulphuric acid. 

Experiments. — For obtaining ozone by the action of the silent 
electric discharge, the apparatus of Siemens (Fig. 18) is the most sat- 
isfactory. As shown in the diagram above the cut, it consists of an 
inner and an outer tube of glass, the inner surface of the inner tube 
and the outer surface of the outer tube being covered witli tin-foil. 
Between the two tubes a slow current of pure dry ami w(»ll cooled 
oxygen passes, while the two uietal surfaces are connected with au 
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active indiictiiMi coil. In tliis wsy Ifi per i^ent of the tisjgen muy be 
c-iFUverted into iiEiiiie, a far larger aiiuiuiit tbaii by any other method. 
To show the cxiJitractiuii iti volume when ozygeu is converted into 
(lanne, ite oxygen may be ^^^ ^_^ ^ _ 

iHintuined in a vylindriml 
bulb having a long, Jiar- 
row neck bent into u U- 
fiirm. Tbrougb the walls 
of the cylinder Iwii pluti- 
II um wires pass, and in 
the bend of the U-tulie a 
little sulphuric acid is 
placed. Uii passing the 
«park through the gas by 
means of the platinum wii 
tion ill volume is shown by the 
the bulb side of the U-tube. On hauling the bulb Ui 200°, the ozone 
is reconverted into oxygen and the original volume is reeti'red. By 
alyorbing the ozone by oil ol' turpentine, thewiilunie of oaone pro- 
duced niHy be determined; and hence its relative density. 

A email Busk half filll of oil of turpentine, exposed freely to the 
air and full sunlight for many weehs, acquires powerful ozonizing 
properties. Sometimes the ozone is dirertly given up to other bodiosi 
but often it is not so surrendered, except by the intervention of a 
tijii'd body, callud therefore an ozon e-earrier. Platinum sponge and 
ferrous salts act as such carriers; and blood 
corpust'les are specially aetive. 

To produce ozone by the slow oxidation of 
phosphorus, pince in a porfeetly clean and spa- 
cious gas-jar, a piece of phosphorus a centime- 
ter in diameter and three or four long, previ- 
ously Eoraped dean, and pour in water enough 
to half cover it. The jar is then loosely stop- 
pered and left to itself, at the ordinary tempera- 
ture, for several hours. The air in the jar will 
then be found strongly ozonised. 
Flu- IB. (wono ig- Slow To produce oaone by the alow combustion 

Combustion oI fellier. ^^ ^^^^^_ ^ f^^ j^p^ ^f ^y^^^ ^^ p^^^j i„j„ ^ 
bfiaker, as shown in Fig. 19. across the top of whieh is placed a rod 
oil which hang two slips of tcst-piiper, one of blue litmus for acid*, 
the other for i.zone. If now ii ijliisi n-d, prcvi.mslv hratcd t" a hifih 
III 
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temperature, be thrust into the jar, the ether will undergo slow com- 
bustion, generating acid-vapors which redden the litmus paper, while 
the ozone, which is formed at the same time, will turn the other paper 
blue. 

If a vigorous blast of air be directed from a glass tube through 
the extreme top of the flame of a Bunsen gas-burner into a capacious 
beaker, the air in the beaker will give the reaction for ozone ; an evi- 
dence that it is produced in rapid combustion. 

176. Properties. — Physically, ozone is like oxygen, ex- 
cept in density ; it is half as dense again as that gas. When 
ozonized oxygen is cooled to —181*4° by placing it in liquid 
oxygen at atmospheric pressure, ozone is easily obtained as 
a dark blue liquid, transparent in thin layers, but almost 
opaque in a layer two millimeters thick. Its boiling point is 
—106°. It yields a bluish gas on evaporation, which re- 
condenses on immersion in liquid ethylene. 

Chemically, too, it is like oxygen, in the fact that all its 
compounds are oxides. In a word, it is oxygen with prop- 
erties intensified ; it is active oxygen. It has a bluish color 
and a strong odor, which is said to resemble that of weak 
chlorine ; hence its name, from oC«>, to smell. At a temper- 
ature of 290° it is reconverted into ordinary oxygen. Its 
most remarkable property is its powerful oxidizing action 
even at ordinary temperatures. It bleaches strongly, carries 
silver up to the peroxide, and is very poisonous to animal 
life, on account of its irritating action upon the mucous sur- 
faces. It is soluble only in oil of turpentine or oil of cinna- 
mon. It decomposes potassium iodide, oxidizing the potas- 
sium and setting the iodine free. 

When ozone oxidizes a substance, there is no change in 
volume, although the ozone itself disappears, the third atom 
of oxygen alone entering into combination. The production 
of ozone from oxygen is an endothermic reaction : 

(0.^)2 + O^ = (0.^)2 — 72,400 water-gram degrees. 

Hence energy must be added to the oxygen to convert it 
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into ozone ; the iDcreased activity of ozone 
for, as well as its iustability. 

177. Testa, — Schonbein'a teat conMista of paper moistened 
with a dilut« solution of potassium iodide and starch. The 
iodine is set free by the ozone, and colors the starch deep 
Hue. Freniy'a test is paper moistened with an alcoholic 
tincture of guaiacum ; it is turneil light blue by ozone. Pa- 
lter moistened with manganous sulphate, or lead hydrate, be- 
comes dark bn»wn or black in ozone. The most distinctive 
test is metallic silver, which is converted by ozone into the 
brown peroxide. 

EXPKBIMBKTS. — To prepare Schdiibein's tcst-pHpor, one part of 
pure putaBHium iodide is disBolved in two hundred parts of water, tlie 
solution gently lieated, ten parte of lino starch gruduully added, and 
tlie heating continued until the whole beconiea homogeneous. Slips 
ijf filtering pupcr am tlien drawn through the Holutiun and dried in 
air. They muel be kept in u olasely stoppered buttle, Wheji one 
of these slips is moistened and exposed to an utmogphere containing 
nu. it becomes deep blue. The bleaching action of oe'one may Iw 
shown hy agitating in a jar of air ozonised by pbusphorua a little 
very dilute solution of indlgu. It i^ iit I'nre decolorised. 

178. Occurrence and Ua*B. — Ozone is found free in 
the air, in email quantities, especially after a thunder-storm. 
It is also produced by decay, and probably by plant growth. 
It has been supposed to oxidize and destroy impurities in the 

One volume ui air containing g^j of ozoiie will purify 
540 volumes of putrid air. Ou the other hand, on account 
of ita irritating a<7tion when breathtil, it has been assumed 
to be the cause of influenzas, etc. But in the absence of 
exact data, it is not possible tu decide whether atmospheric 
ne performs any well-detined function. In the arts it has 
been used as a disinfectant, and alra as a bleaching agent. 

It is |>robnble that, while the molecule of oxygen is diat^ 
omic, that of oaone is trintumic, thus : 



o = 



O-O 
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So that while in the case of ozone we have another instance 
of allotropism — ozone being allotropic oxygen — we have here 
an instance in which the allotropism is evidently due to a con- 
densation within the molecule. Hence the conclusion seems 
reasonable that all allotropism may be due to a similar cause. 

COMPOUNDS OF OXYGEN WITH HYDROGEN. 

Hydrogen Oxide. — Formula H^O. Molecular mass 17.96. 
Molecvlar volume 2. Relative density 8*98. The ma^s of 1 
liter of water-vapor is 0*8064 grams (8*98 criths). Specific 
gravity 1. Solidifies at 0°, Boils a< 100°. Molecular iiwuss 
in the liquid state probably 35*92. 

179. History. — Hydrogen oxide, or water, was consid- 
ered to be an elementary substance until 1776, when Lavoi- 
sier showed its compound nature. Oavendish and Watt 
in 1781, first proved its composition by synthesis. In 1805, 
Humboldt and Q-ay-Lussac ascertained that the ratio of 
its constituents by volume is as 2 : 1 ; and Berzelius and 
Dillon^ proved that the mass-ratio is as 1 : 8. 

180. Occurrence. — Water occurs abundantly diffused in 
nature, both free and in combination. Natural waters are 
seldom pure; even the water which falls as rain contains 
atmospheric impurities to an extent of 3 per cent or more. 
It is essential to the life of plants and animals, and enters 
into the composition of many mineral substances. Seven 
eighths of the entire human body is water. 

181. Preparation. — Hydrogen oxide may be prepared 
synthetically ; that is, by the direct union of its constituent 
elements. The product of the combustion of hydrogen is 
always water, as we have seen. (Fig. 6.) And when the 
two gases are mixed together in the ratio of two volumes 
of hydrogen to one of oxygen, they may be caused to unite 
by a flame, by an electric spark, or by finely divided plati- 
Iium. The heat evolved by their union is very great ; when 
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the two gases are burned together iu tlie Jtbovc proportions 
friira a jet, they give the nmat intense heat wliir^h can be «b- 
tainetl by eombustiun. This experiment woa first made by 
Hare, of Philadelphia, in 1801 ; and the apiiaratue is called 
the eompouad or oxy-hydrogen blowpipe. 



EXPERIMEMTS. — To siifiw the pri 
tiiin of bydmgen, the expet 
repented. In Fouroroy'ti oxper- 
jiuent the gas continued to burn 
for n week, conamiiiiig 87,500 
cubic inchee if oxygen and hy- 
drogen and producing 15 ounci;-, 
of pure Wttter. 

To show the union of the 
mixed gHses by flame, a mass 
of Boiip-buhblea may be bluwn 
in a metHllif disb containing 
Miap and water, by n bubble- 
pipe atlncihed tu n giia-bag (.'on- 
taining one volume of oxygen 
to two of hydn>gen. On apply- 
ing >i flame (Pig. 21) the gi.ses 
explode with a loud report. 

For the purpoM uf 
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uring exHclly the proportions in which tlie 
Liilted a sudiometer is employBd. 
Fig. 22 represonta tlie form proposed by Vre; it i« simply a U- 
shaped tube of glaag wliicli 
closed at one end, tlic 
' oliiaed limb being gnidu- 
ated, and pierced near IIh 
extremity by two platinum 
wire». This limb is to l>e 
filled with water, und then 
a giren (juantity of pure 
oxygen, say 20 cubic centi- 
meters is to be introducnl 
from u dclivery-tubp ; 50 
dibie centimetors of hydrogen are then aindlarty introduced —ail 
!iit« iH'iiig made when the level of tin- liquid is Ihij smile in 
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both limbs — the open end is closed firmly by the thumb, as shown 
in the figure — ^a cushion of air being left between it and the liquid— 

and a spark passed through the mixed gases by 
means of the platinum wires. Upon restoring 
the level of the liquid by adding water, 10 cu- 
bic centimeters of gas will be left, which, on 
examination, will be found to be pure hydrogen. 
Hence 20 volumes of oxygen have united with 
40 of hydrogen to form water. But this is the 
ratio of 1 : 2, which theory requires. 

The remarkable action of spongy platinum 
in causing the union of oxygen and hydrogen 
Fig. 22. Ure*s Eudlom- gases, may be shown by holding a piece of this 
® ^'* metal — or what answers equally well, a piece of 

asbestus previously moistened with strong platinic chloride solution 
and heated to redness — over a jet from which hydrogen is issuing. 
The mass becomes at once red-hot and fires the gas. This effect is* 
attributed to the enormous surface-attraction which platinum, in this 
form, has for gaseous substsmces. Exposed to the air, platinum-sponge 
condenses oxygen in this way within it, perhaps to the state of a liquid. 
When now it is exposed to hydrogen, it condenses this gas also; thus 
bringing them together and causing their union. 

The great heat evolved by burning oxygen and hydrogen gases 
together requires for its production a concentric jet, consisting of an 
inner tube carrying the oxygen, and outside of this a second tube be- 
tween which and the first the hydrogen passes. The two gases must 
be brought from separate gas-holders. The hydrogen is first lighted; 
it burns with a large yet pale flame. On admitting the oxygen, this 
flame becomes smaller, and is drawn out very long and fine, being 
altered also in color. If this flame be directed upon various metals 
contained in small cups of charcoal, they may be melted and burned, 
each with its characteristic color. The brilliance of the experiment 
is much heightened, in many cases, by shutting off" the hydrogen and 
allowing the combustion to take place in the oxygen alone. A watch- 
spring or a small file, introduced into the flame, burns with vivid 
scintillations. A piece of cast-iron on charcoal gives, after melting 
it and shutting ofl" the hydrogen, a superb pyrotechnical eff'ect. On 
introducing some infusible substance, as a pipe-stem, a cylinder of 
magnesia or zirconia, or still better, one of lime, the light emitted is 
dazzling. This light was first utilized practically in the trigonomet- 
rical survey of Great Britain, by Lieut. Drummond, when it was seen 
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108 miles in full aujiiglit. It \> aoiiietiiues ™l!eU tl.e Druiiiiii 
lifeht; but is more properly I'lilled tbo ciilcium or oxy-iiydrogen ligbt. 
By means of an oxy-Uydrogcn flame B,SOO uunces of platiuam bave 
twen melted in one operation. 

But not only may the composition of water be establieled 
by syntliefiia, it may be equally well determined by analysis. 
For this purpose both direct and indirect means may' be em- 
ployed. 

Bki-kbimknts.— In tiie sodium experiment [Fig. 1) the hydrogen 
set free niuat have been derived ftuni t^e wHler on wbU'h tbe sodium 
acted. If a Uttle eolutiun of red litmus In. added to the water nftfir 
tbo eiporimeiit, it will be blued. A bane must therefore bave been 
produced by the sodium; but » liase contains oxygen, whicb oiygen 
must also have come from the water. Iii this way 
the composition of water may 1* established by 
an indirect analysia. 

To analyKB water direi'tly, it nmy be mbtnittyd 
to the gction of electricity. But a« water itself is 
not decDinpoaed by Ibis Hgent, B Eectindnry ai'Ciun 
must be made use of. A little snlpburic mAA Is 
added to the water ; this is decomposed by the elec- 
tri(T current, and reacts upon the water, sepumtint; 
it Into it? constituents. A convenient apparntus 
for tbig purpose is shown in Fig. ^3. Two lubea 
c'IohkI at one end and filled with water are 
suspended with their nioutba beneath the 
eurfuco of some acidulated water contained 
in the glass dUh below. Tlirough tliu 
sides of this di»h two wires pass, ouch 
mposltion ol terminating In a plate of platinum seen 
"" "'"" beneath the open ends of the tubee. Orr 

cnnnecting these wires with a Bunsen's or Grove's battery of 8 i'r B 
cells, a torrent of gas-bubbles rises from each platinum plate into the 
tube placed above it. It will soon lie noticed that the lube over the 
negative electrode Alls twice as rayiidly as the otheri and on testing 
the gna in each, when the tubes arft both full, the gas in this tube will 
1>e found to be hydrogen, while that in the other is oxygen. Wnler 
contains therefore 2 volumes of hydrogen and I volume of oxygen. 
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182. PropertloH. — Hydrogen oxide is a limpid liquid, 
without odor ur taste. In thin layers it is colorless, but in 
thick layers it is distinctly blue. It is neither acid nor alka- 
line in its action upon vegeta.ble colors, is a poor conductor 
of heat <ind a nou-couductor of electricity. It in 773 times 
heavier than air at 0°. It is the standard of specific gravity 
for liquids, aud is taken as the unit of mass in the decimal 
system, the mass of one cultic centimeter of water at 4° 
l>eing 1 gram ; hence the moas of one liter of water at the 
same temperature is 1 kilogram. When cooled to 0°, it solid- 
ifies in crystals which are derived from the hexagonal prism, 
and wliicli are often very beiiutifiiily peen in snow-flakes. 
Fig. 'M. The melting-point of ice is lowered by -OOTG" tor 
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every atmo.sphere increase of pr^eiwure. When heated to 
100° under atmospheric pressure it is converted into vapor 
called steam. The rate of its expansitiii by heat increases 
slightly with the temperature; though at 4° water reaches 
its point of maximum density, and then, if cooled below this, 
it expands until its solidifying point is reached. At the 
moment of becoming solid it increases considerably in vol- 
ume, 916 cubic centimeters of water becoming 1,000 of ice. 
Its index of refraction at 0° is 1'333. It is also the stand- 
ard of specific heat, since it requires more heat to raise its 
temperature a given number of degrees than any other eolid 
or liquid. In the form of steam it is a colorless gas, having 
a relative density of 9'9S, or a speciiic gravity of 0'622, air 
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being 1. One vuluiue of water yieldK l,fi!l6 volumes of s 

at HK)°, The heat of litjuefaclion of water is »0-025 heat- 1 

units. The heat of vaporization is o36'5 heat-units. The 1 

critical temperature is 370°, and the critical pressure 195'5' 1 

atnios])heres. 

Chemically, water is a very active MibRtance. It enters I 
into combination directly with mont positive nnd negntivB I 
oxidee, forming ba^es with the former and aeids with the J 
latter, evolving more or less heat. A familiar example flf J 
this IB the slaking of lime, a priwefw wliieh may l>e repre- J 
aented by the following equation ; 

CaO 4- H,0 = Ca"(OH), 

CnJriani oiide. Wa),-r. Cab-ium ky'ir'>Mt. 

Water also enters moleeularly into the eompoeition ofl 
many cryHtalline siihutaneec, tlie amount appearing to i 
crease in proportion aii the cry stall iza linn takes place in a I 
colder and more dilute solutiou. Calcium sulphate crysta)- 1 
lized takes two nioleculeii, CaiSO,, 2 atj. ; copper sulphate-, ■ 
five, CuSO,, 5 aq. ; magnesium sulphate, seven, MgSO,, 7 I 
aq. ; Bodium sulphate, ten, Na,SO„ 10 aq. ; and }H)tai«i<>-] 
aluminic sulphate (alum), twelve, KAl(SO,)j, 1:2 aq. ^uch f 
crystals, when exposed ^> dry air, effloreeoe ; i. c, loso thie | 
water of crystal limtion and fall into a white powder. 
the other hand, some sulistauees, in a moist atiiiiis)ihfre, 
attract water and liquefy ; this is called deliquescence. The 
solvent power of water is very much greater than that of J 
any other liquid. Each substance which it dissolves, how-! 
ever, has a fixe<l limit of Boluhility, which depends upoQ-J 
temperature, etc. Giweous solubility is to a very large ex- J 
tent dependent upon atmiispheric pressure also. Water is>I 
obtained pure and free from dissolved foreign sulistanccB 1 
only by distillation. 

When watei^vapt)r is produced from its constituent gasea I 
without change of volume the syutbetical reaction is 
(^11^)^+ 0,= (H,pX+ lU,a20 water-gruni degrees; 
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and hence water is highly exothermic and proportionately 
stable. When the water is obtained as a liquid each gram 
of hydrogen burned evolves 34,180 heat-units. Conversely 
the decomposition of water is endothermic and requires this 
quantity of heat to be furnished from without. The disso- 
ciation of water is effected at 1000° and is half completed 
at 2500°. Moreover, heat-changes also accompany the act 
of solution. Thus the solution of KCl, KBr and KI in 
water absorbs 4,440, 5,080, and 5,110 units of heat respect- 
ively; while the solution of Nal evolves 1,220, that of 
BaBr^ evolves 4,980, that of LiCl fe,440, that of NaJPA 
11,850, and that of KOH 13,290 heat-units, according to 
Thomsen. 

183. Natural Waters. — ^The purest natural water which 
can be obtained is that which falls as rain ; but even this is 
contaminated with matters washed from the air. Other nat- 
ural waters may be divided into potable (or drinkable), min- 
eral, and saline waters. Of potable waters, river and lake 
waters, especially such as are found in granite regions, are 
the purest. That of Loch Katrine in Scotland, containing 
but 2 grains of solid matter to the gallon, is one of the 
purest waters known ; while the purest water supplied to 
any city in this country is that from Lake Cochituate which 
supplies Boston, which contains but 3*11 grains in one gal- 
lon. The Schuylkill water (Philadelphia) contains 3 • 50 
grains ; Ridgewood (Brooklyn) 3*92 ; the Croton (New York) 
4*78; Lake Michigan (Chicago) 6*68; the water which sup- 
plies Albany, 10*78 ; and that of the Thames, which supplies 
London in part, 16*38 grains, in each gallon. Spring and 
well waters are seldom as pure as surfiice w^aters, since they 
have penetrated the ground and taken up solid impurities. 
Thus the water of a w^ell near Central Park, New York, 
gave 43*54 grains; one in Schenectady, 49*21 grains; one 
in Amsterdam, 69.93 grains ; and one in London, 99*97 grains 
of solid matter to the gallon. Mineral waters are classified, 
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according to their prevailing constituents, into sulphurous, 
chalybeate, alkaline, etc. The amount of solid matters which 
they hold in solution varies very widely ; the chalybeate 
spring of Tunbridge Wells contains but 7 grains to the gal- 
lon, while the Saratoga Seltzer spring contains over 400, one 
of the springs at Vichy, 460, the High Rock spring at Sara- 
toga, 628, and the artesian Lithia spring at Ballston, 1,233. 
Saline waters, especially those of inland lakes with no outlet, 
are most impure. Sea- water contains on an average, 2,500 
grains of solid matter,! the water of the Dead Sea 12,600 
grains, and that of the Great Salt Lake 22,000 grains to the 
gallon. 

Water for drinking should be as pure as it is possible to 
obtain it. Indeed, in some of our cities distilled water prop- 
erly aerated is sold for table use. The effervescent table wa- 
ters now largely used are of value in proportion as the water 
of which they are made is pure. The most serious contami- 
nation of water is that arising from sewage, coming either 
from surface drainage or from soakage through the soil. 
The greatest care should therefore be exercised in selecting 
a source of water supply, to see that no such cause of impu- 
rity exists. 

Hydrogen Peroxide. — Free hydroxyl. Forrmda HjO.^. 
Graphic H— O— O — H. Molecular mass 33*92. Specific 
gravity of liquid, 1*452. 

184. History. — Hydrogen peroxide was discovered by 
Thenard in 1818, and called by him oxygenated water. 

185. Preparation and Properties. — It is always pre- 
pared from barium peroxide by the action of hydrochloric, 
or, better, of carbonic acid. The reaction is : 

BaO, + H^COg = BaCOg -f H,0, 

By adding the materials alternately, the water present soon 
becomes saturated ; then, by evaporation over sulphuric acid, 
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this water may be removed, thus leaving pure hydrogen per- 
oxide. 

It is always formed by slow oxidation in presence of moist- 
ure ; the hydrogen peroxide thus produced being detected in 
the liquid by proper means. It would appear that its pro- 
duction under these conditions is to be viewed not as an oxi- 
dation of water, but rather as due to the action of nascent 
hydrogen upon oxygen. (Traube.) If air or oxygen be passed 
through acidulated water undergoing electrolysis, hydrogen 
peroxide appears at the negative or hydrogen electrode. 

Hydrogen peroxide is a colorless syrupy liquid, of spe- 
cific gravity 1*452. It does not solidify at —30°, and may 
be evaporated in vacuo unchanged. It begins to decompose 
at 15°, and at 100° it separates into water and oxygen with 
almost explosive violence. It is more permanent if diluted 
with water. It has a harsh taste, and whitens the skin when 
placed upon it. It bleaches vegetable colors. 

Hydrogen peroxide, as already mentioned (page 77), is an 
endothermic compound, being formed with the absorption 
of energy: 

(H,0), -f 0,= (H,0,)2 — 44,000 water-gram degrees. 

Its activity is seen to be due to the increased amount of en- 
ergy it contains over that existing in water. Moreover to 
this cause is due its instability also. 

Its most remarkable property is the facility with which it 
evolves oxygen under certain conditions. It oxidizes sele- 
nium, chromium and arsenic, converts lead sulphide into sul- 
phate, and sets free iodine from hydrogen iodide. Metallic 
platinum, gold, and silver, when finely divided, decompose 
it almost with explosion ; their oxides, as well as the perox- 
ides of lead and manganese, also decompose it, giving up a 
part of their oxygen at the same time. Ozone is decomposed 
by it, water and oxygen being the sole products. It is there- 
fore at once an oxidizing and reducing agent. The similarity 
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in iu (.'heniii'ul pruperties to those of ozone ui'L^es doubtle»i 
from tiie rfight attraction between one of the atoms of oxy- 
gen and the rest of the molecule, 

ExFBRiMESTs. — Tl]o wiiter Burromiding Ihe pliuBjihtirua in [iie 
|irB|)arutioii of uzoiie (p. 138) uoii-tuins hjdiDguii jieroiide, and will 
rudut'e a dilute Bululiun of potaaaium peruiftngaiiHte, iUolf a stroug 
oiidizing ugeiit. If to a aiilutiou containing hydrogen peroiidt, a 
(bw drops of a dilutv sululiuii of iiutassiuin vbromnte be added, and 
till! wliule be agitated witli etber, the elliereal layer which forms abt)vo 
llic iii[uid oil Etaiidiijg wilt be blue from the preaunce of perchrouiii^ 
Buid. It luriis Stfhiiiibein's lest-ptipcc blue, and alau bluts guiiiufuni 
paper. Iiidigu i« also decolorized by it. These reaotionB are nut as 
promptly produL'ud by hydrogen peroxide as thoy are by ozone, un- 
less B miuulo quantity oC some o»rrier, such as ferrous sulphate, be 

Hydrogeu peroxide esiets in email quantity in the air and 
may very readily be detected in freehly fallen rain-water or 
MOW. lis quantity varies from one twentieth of a milligram 
to one luilligram in a liter. The close similarity between its 
reactions and those of ozone causes the one to be frequently 
niifitaken for the other. 
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ISO. The element chlorine, a« already mentiooeil, may act 
n^ a monad, a triad, a pentad, or a hcplad. lu oxygen eom- 
[MHiiids, together with their fftrres(»nding hydrates or acids, 
are therefore as followB : 

HypochJorouB ..side C)',0 Hypwhloront, ncid HCl'l) 

Chlorous oxide Cl"',Oj Chlr.roas acid HC1"'0, 

Clitoric oxide C1*,0, Chloric acid HCl'O, 

PerchUrt-ie oxide CI«",Oj Pcrfhlorio acid HC1'"0. 
Of thef« oxidee, only the first two have been prepared. 
Of the acids, all have been olitained. 

1H7. UyiKKililoruiui Oxide and Acid.— HyiMJcblorous 
oxide was diwovered by Balard in 1834. Il may l>e pre- 
pared by |)a«r=iu^ dry chlorine gua over mercuric oxide : 
IlgO -I- (-I, = HgC;L, + ci,o 
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A yellow gas, of relative density 43*5, is obtained, which 
condenses to a blood-red liquid at 0°. This gas has a pene- 
trating, chlorine-like odor, and is decomposed with explosion 
by very slight causes, yielding two volumes of chlorine and 
one of oxygen. It is very soluble in water, uniting with it 
to form hypochlorous acid, Cl(OH), which retains the odor 
of the oxide and is a powerful bleaching agent, twice as 
active as chlorine. 

Hypochlorites are prepared in the arts by exposing alkali 
hydroxides to the action of chlorine gas. With sodium hy- 
droxide, the reaction which takes place is as follows : 

(HNaO), -f CL. = NaClO + NaCl + HP 

By treating a hypochlorite with dilute nitric acid and 
distilling, h3rpoc]ilorous acid may be obtained. 

Hypochlorites are used very largely in the arts as bleach- 
ing agents; the so-called chloride of lime, a compound of 
calcium chloride and calcium hypochlorite, being manufact- 
ured for this purpose on an immense scale. 

188. Chlorous Oxide and Acid. — Chlorous oxide was 
first described by Millon. It is prepared by acting upon a 
chlorate with nitric acid in presence of a reducing agent, 
like arsenous oxide. It is a yellowish-green gas, having a 
specific gravity of 2*65, bleaching indigo and litmus, and 
soluble in one sixth its volume of water, forming chlorous 
acid. It is condensed to a liquid by a cold of — 20°. It ex- 
plodes when heated to 57°, and also when brought in contact 
with sulphur, phosphorus, or arsenic. 

Chlorous acid, CIO(OH), combines slowly with bases, form- 
ing chlorites, which are unstable, breaking up easily into 
chlorates and chlorides. 

189. Chlorine Tetr-oxide.— Cip, or O.Clv— O— CrO. 
This oxide is intermediate between chlorous and chloric 
oxides, and is decomposed by water and the alkalies into 
chlorous and chloric acids. It was discovered by Davy, in 
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1814, and is obtained by tlie netion of suJjihurit.' uL'id ujhui 
potaeieiuiii chlorate, at a low temperature. A dark-greenidi 
ga« is evolved, which, Birongly diluted, has a sweetish arfi- 
matic odor, and la strongly oxidizing in its action. At —20° 
it condenses to an orange^red liquid. It explodes with great 
violence above 60°, otten siiontaneously. 

EsPKBlMBNTS.— Tha vigor of its Hiition on coiubustibles inn'- lie 
Bhtiwri by miiing togetbur on h eliaet of paper about a gratn of fliifly 
pulverised potassium ehlorute and and hh equal 
qUBiititj of One Bugnr. Platte the mixture on a 
fntgmejit of briek, and touch it with a glass rod 
prevjouslj dipped in sulpliurio titid. The chlo- 
rine tetr-oxide tbua set free causes a vivid com- 
buEtiun of the entire muss. 

Or, a grani of olilomte in cryatflls may be 
placed at the bottom of a conical glass filled 
with water (Fig. 25), m few small pioces uf phos- 
phorus added, und sulphuric aciil allowed to 
come in contact with the salt, by means of a 
pipette, Tbe phosphorus at once takes Are in tl 
gaj evolved, and burns vividly. 

1»0. Chloric Aold.— Chloric acid, aO,(OH), was first 
prepared by Q-ay-LuBeao. On passing chlorine thnmgh a 
Bolulion of potassium hydroxide, potaseium chloral* and \n>- 
tassium chloride are obtalneil, according to the equutii>n : 

fCI,X + (HKO), = KCIO, + (KCl), + (H,0), 
By abiding to a solution of potassium chlorate, fluo-eilicic 
acid, or to one of barium chlorate, sulphuric acid, the inita»- 
slum or barium is separated, and there is left an aqueous 
solutiim of chloric acid, which by concentration in vacuo 
may be obtained as a cidorless, syrujiy, acid liquid, of spe- 
cific gravity 1 "28, and containing alMiut 40 jjer cent of HCIO,,, 
which decomposes above 40°, and is a strongly oxidizing 
agent. Sulphur, phniiphorus, alcohol, paper, are at ooce in- 
flamed by it. Its salts, the chlorates, are also active oxidix- 
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ing agents. They are used for the preparation of oxygen, 
and in detonating and pyroteehnical mixtures. 

Experiments. — Mix carefully on paper half a gram of fine potas- 
sium chlorate with quarter of a gram of sulphur. Wrap up the mass 
in paper, place it on an. anvil and strike it with a hammer. It will 
explode violently. Many new explosives have been recently pro- 
posed, consisting of potassium chlorate mixed with tannin, with cate- 
chu, and with potassium ferrocyanide and sugar. They are all more 
or less unstable and therefore dangerous. A mixture of amorphous 
phosphorus and potassium chlorate sometimes detonates spontane- 
ouslv. 

191. Perchloric Acid. — Perchloric acid, C103(0H), wa.s 
discovered by Stadion in 1815 ; it has been recently more 
fully examined by Rosooe. On subjecting potassium chlo- 
rate to heat, it becomes pasty at a certain stage of the proc- 
ess, and ceases to evolve oxygen. It is then a mixture of 
potaspium perchlotate and chloride, thus : 

(KCIO3), = KCIO, -f KCl + O3 

By crystallization the difficultly - soluble perchlorate is ob- 
tained pure; and by distilling this with sulphuric acid, a 
colorless fuming liquid condenses in the receiver, having a 
Specific gravity of 1*782 at 15°. It does not solidify at 
— 35°. This acid is a powerful oxidizer ; it instantly ignites 
wood or paper when thrown upon it, and is decomposed by 
charcoal, with explosion. It is the most stable of the chlo- 
rine acids. 

OXIDES AND ACIDS OF BROMINE AND IODINE. 

192. The analogy of bromine and iodine to chlorine is 

shown also in the similarity of their oxides and acids to 

those of that element. Theoretically, the series is the same, 

though only a few members of it have as yet been obtained. 

Of the bromine compounds, only the following are known : 

Hypobronious acid HBr'O 

Broniic acid H Br^O.^ 

Perbromio ftQid. HBrVi'O^ 
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anil (if those iif icMliae, only those given below have been 
prepared : 

Hjpoioduua acid UI'U 
Iodic uxidc l*,Oi Iodic iicid HI»0, 

Periodic i-ridu l<",0, Periodic at-id fll»ii0, 

193. Iodic Aold. — ludie aeid U the moet impurtant of 

the bodies given above. It is prepared l)y the direct action 
of oxidizing agents u]>on iodine, or by the simultanefjus ac- 
tion of ohloriDe and iodine upoD witter : 

I, + (.ax + (H,0)„ = (HIO,), + tHCt),„ 
Iodic acid is a colorless solid, of specific gravity 4-H3, erye- 
laUining in ortho-rhomhic prisms; at 170° it loses a mole- 
cule of water, and becomes iodic oxide. 



§ 2, Sulphur. 

&{mh<i S. Atomic mm 31 -BH. Vakiu-e 11, IV, VI. Rdor 
live dewity of vapo\- 31 '98. Moiei^lar tnaa» 63'96. MoUc- 
ular viiwne 1. SpfiAfic giiimty of solid 2'04. The vuim nf 
1 lil^ of mlpkur vapor at a tnnjieratiire of 1000" w 2'86 
gmmn (31 '98 criths). 

194. History. — Bulphur has been known from the re- 
tuote^t tirue«. 

190. Occurrence. — It is found free in many volcanic 
regions, especially in Italy and Sicily. It occurs ako in 
combination, as a constituent of both binary and ternary 
eompouads. The sulphides of iron, copper, lead, zinc, anti- 
mony, arsenic, and (uercury, are well-known minerals ; an 
are also the sulphates of calcium, barium, strontium, mag- 
nesium, and siidium. It forms an es<«ential [mrt of animal 
tissues and exiite to a considerable extent in those of vege- 
tables, lut eomjioundw canne tlie [(cculiar mior of crucifer- 
ous and nlliaceoiiK jilautc. such iis mustard and garlic. 
Sicily and Italy yield annually r4(),(KHI Urns of suljihur. 
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_ 1»8. Prcpiirrttlon. — The sulphur of commerce is the 
native material purified. Ah timud, it is mixeii with vari- 
ous earthy impurities ; and to ^ejmrate it from the^K.' it is 
'subjected to heat in eaitben pot*, as shown in Fig. IQ. 

These pola are arrauged in tiio furnace in two rows, and 
are charged from the top. Th* eulphur in couverted into 
vapor by the heat, passee through the narrow tubef into a 
second row of earthen vessels which act as receivers, is there 
condensed to a liquid, and runs out at the bottom into wo()d- 
en vessels filled with water, plactnl below. Richer masses are 




often heated in heaps with juwt fuel enoufrh to melt the sul- 
phur, which follo('t« in ii deprewion made at the bottom of 
the heap. The sulphur thus prepared contains still three 
or four per cent of impurities; it is wtill further refined by 
another distillation in cylinders of inm, as shown in Fig. 27. 
The crude sulphur in melted in a tank by the waste heat of 
the fire, and then runs down through a pipe into the retort, 
where it is converted into vapor. This vapor enters a larjie 
brick chamber, and is there condense*!. At first, when the 
walls are cold, u fine powder is produced, known in com- 
merce as flowers of sulphur ; but afterwards, when the walla 
if the chamber become hot, the sulphur condenses to a liquid. 
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which collects r>n the floor aod may be di-awn of!' and ladled 
into moalde, forming what is ordinarily called roll brim- 
Sulphur is aki) obtained from iron disulphide or pyrite, 
II mineral which, in fwime localities, ie very abundant. For 
liiis purpose tbc pyrite is piled up in a pyramid with wood, 
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and fire applied The pulphur which ip pet free collects in 
the liquid form m cavitien made m ditlerenl parte of the 
heap The p\nte tives up one third of it- sulphur when 
thus treated, yielding about 20 per cent ol its weight. 

197. ProiMTtics. — I. PilYsirAl., — Sulphur is eiipahle of 
existing in three dif^tinct ullotn)pic forms or modificationa, 
due without doubt to vuryinp molecular atomicitvi 

i'l) The first variety is that found in nature. It is a 
Icimin-yeUow. brittle solid, cryKtalliziujr in ortho-rhoniliic ncla- 
hi-<lniui^, often iiKKlified (Fig. '2S, 1, ntid 2), nn<i |>oNsessinpr ti 
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ppetrifii- gravity of 2-IJ5, It is easily Boluhle in carbou diful- 
phiiic and luay be I'eadily t'rystaUiKed therefrom. 

(^) The second variety ii^ produced by crystalliKing sul- 
phur from fuHion, at high teuiperatures. Yeilowiah-browu 
needle-shaped crystals belong'ing to the nwnoeiinic syEtem 
(Fig. lis, 3j, are thus obtained, which are transpareDt and 
have a specific gravity of 1'9W. This variety also ii< soluble 



in earbon disulphide, and 
atures, more rapidly at high 




Fig. a*. Sulphur Cryslala. 
then suddenly cooling it by po 
dark brown, tenacious 
threads like caoutchom 



slowly at ordinary temper- 
ones, back into variety a. 

Sulphur, since it crys- 
tallizes in forms belonging 
to two distinct systems, is 
called a dimorphous ele- 

( )-) The third variety 
of sulphur 18 produeed by 
heating melted sulphur to 
a temperature of 250° and 
ng it into water. It is a 
as, which may be drawn out in 
It has a specific gravity of 1 'SS, 



and is only partially sfiliible in carlxin disulphide, a 
phous powder remaining undissolved. It slowly passes into 
a if left to itself; but if heated- to UK)", it undergoes this 
change suddenly, the temperature rising to 110° from the 
heat evolved. 

Either variety of sulphur melt« when heated to 111", bo- 
coming a pale-yeilow limpid liquid. As the temperature 
rises it becomes viscid, until between 200° and 2.50° the 
vessel maybe inverted without loss; il then becomes fluid 
again, and at 440° boils. Its va|>oi--deusity was (or a long 
time considered anomalous, being at 500°, !J(i ; but Blneau 
showed that at 1000° it became normal. 32. The molecule 
of milphnr at 500° is therefore hex-atomic, while at 1000° it 
is di-atomic. 



i-i{oriiurU':s iir sulpjiuh. 
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ly 111' sulpLur, 
H gnii'Saiiio or 
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F!g 39 Mono- 
« aulphur 



-Tu i.nHlucL- tliu ,J var 
e in a frucitlu <ive 
ptiu] Are. Allow i 
until B crust fbruit 
iiarrHue. Pierce « 1]< 
enxft iiesr one side, und pour 
out the sttlpliur which still 

of tliB cruciUle when Lold will 
he f u d r ,ei w tl c die 
el aped > tal (P b, 2» | 

T) e tl <] r an ph m 
vanctj of sulphur nmy le preparej bj melt- 
1, H ffi ent q n t ty n a tlnf\ heut e t 
u 1 1 th« sec d stHge 1 flu (I ty is rea I p I 
nn 1 tl en p i; It n a Ih n etream to 

wBt r SB si tw F i, 80 ren ov ng I 

fro tl e water it is f u d t< lie ren kHb) 
u ex ellont exa pi of nllutr p »n 

II. Chemtcal. — Wheu heated to 260° iu the air, sulphur 
takes fire, hurtiinjr with a jmle blue flame. It is alsii u suji- 
porter ol' combustion, many metals taking fire readily in its 
vapor and burning actively. When united with other ele- 
ments it forms sulphides. 

Bertbelot pro]>oi^B to coll the insoluble variety of sulphur 
elettro-positive, and the soluble, electro - negative, lieeause 
these forms of sulphur are due, in his opiniun, to the element 
with which the sulphur has previously Iwen uuited. When 
[ separated from union «-ith the more negative oxygen, for 
esaniple, the sulphur is found insoluble and electro-positive ; 
while, obtained from ita hydrogen compound, it is soluble 
and electro-nogalive. 

When combined with positive elements alone, sutpliur 
actH 38 a dyad and Ik then the analogue of oxygen. As n 
dyad too, it may perform a linking function. 

19S> TentH. — In the free state sulphur is recognized by 
ilK color, by it« volatility when heated, and by itt odor when 
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burned. In combination, as a soluble sulphide, it blackens 
paper moistened with a solution of lead acetate. 

199. Uses. — Sulphur is employed very largely in the arts 
in the manufacture of gunpowder, in the preparation of sul- 
phuric acid, in the vulcanization of india-rubber, and for 
bleaching straws and woolens. 

SULPHUR AND HYDROGEN. 

Hydrogen Sulphide. — Formula H.^S. MolemUtr vruus 33*98. 
Molecular voluim 2. Relative density 16*99. TJie niass of 1 
liter is 1*52 grams (17 critJis), 

200. History and Occurrence. — Hydrogen sulphide — 
called also hydrosulphuric acid and sometimes sulphuretted 
hydrogen — was discovered by Scheele in 1777. It occurs in 
certain volcanic gases, and is the essential constituent of the 
water of the so-called sulphur springs, such as Sharon and 
Avon in this country, Harrowgate in England, Bagni^res in 
France, and Aachen in Germany. 

201. Preparation and Properties. — Hydrogen sul- 
phide may be prepared by the direct union of its compo- 
nents, as by passing sulphur vapor and hydrogen through 
a red-hot tube, filled with fragments of pumice to increase 
the heated surface. It is generally obtained by the action 
of an acid upon some sulphide. When ferrous sulphide, for 
example, is treated with sulphuric acid at the ordinary tem- 
perature, the reaction is : 

FeS -f H/SOJ = Fe(SO,) -f H,S 

Ferrous mlphide. Hydrogen mdphatc. Ferrous mdphate. Hydrogen sulphide. 

Or, when antimonous sulphide is heated with hydrochloric 
acid, antimonous chloride and hydrogen sulphide result: 

Sb,S, + (UC\\ = (SbCl,), + (H,S), 

ExPERiMKNTS. — For the continuous preparation of hydrogen sul- 
phide from ferrous sulphide and dilute sulphuric acid, Kipp's appa- 
ratus, shown in Fig. 31, is convenient. It consists of three bulbs of 
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^Ihhk tlir twn lowiT (>iii!s 1)i.>iijg in u single piiK'i 
proliini^d b; h lube reaching to the bottom 
ground air-ti);ht intu the neuk of tlje second- 
Thniughtbe tukilure of tile middle bulb, the 
TtTrou^ sulpbidc, it^lumps the aizit ofa chest- 
nut, is iiitniduce<l, tile simce hctwn^n the tuba 
Htx] the ^iJe of tbe cdriBtrii'tioii lieiiig tiio 
nBrn)W to let ihem fall thnmgh. This tubu- 
lure is then i.-lu«id b; h corl< tlirougb wbiub 
n glnss stup cook pMsses. The ucid^oue piirt 
sulphuric acid diluted with fourC^eti of wiiter 
— is puured in through the eafftj tube, runs 
into the bottom globi^, sud rises ti.i ovorHow 
tlm iron sulphide in the iniildle one. If the 
cock iflopen,thegHswhii.'h isevolvodescups; 
but when it is sliut. the pressure of the uct-u- 
nmUtiiig gH3 forces the liquid uwiiy from 
tbi' tulphide down into the lower, and Iheni'S 
into the upper bulb, thus stopping the action 
iind preserving ii volume of the gss ready 
for Ufif. By the tubuliire of the kiwi>r bulb 
thu Ufiil, when fiHtunitcd, iniiy he ntrnovod. 




Hyiirogen Bitlpliiiie is a citlorless gna, with a disgusting 
odor, well known as tlint of rotten eggs. It ie wimewhat 
lieaviei- than air, its spedflo gravity being I'177. Cooled t« 
—74°, ur submitted to ii pressure of 17 atinoppheres at 10°, 
it condense!* to a eoliirleHi mobile liquid of specific gravity 
O'fl, which freezes to a mass like ire at —85°. It is i|uite 
Boiuhle in water, 1 volume of which diseolves 3 volumes at 
ordinary temperaturefi, and 4'37 volumes at 0°. Chemically, 
hydrosulphuric acid gas is combustible, burning with a pale 
blue flame. Its reaction with blue litmus paper is weakly 
acid. It is easily decomposed liy a temperature of 40(1° and 
by oxidizing agents, the .sulphur frequently being deposited. 
It reacts with metals and their oxideii to produce sulphides, 
petting hydriigen free in the first case, and water in the sec- 
ond. Tbis gau is exceedingly poisonous ; at-oording to Fara- 
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day, birds die in air which contains but ^^^^ of it, and dogs 
in that which contains but -^^, 

Hydrogen sulphide is feebly exothermic, the reaction being, 
when the sulphur is solid and the hydrogen and hydrogen 
sulphide gaseous : 

(H2)2 -1-82= (H^S).^ + 9,000 water-gram degrees. 

Inasmuch as the solution of hydrogen sulphide in water 
evolves 9,400 units of heat, it follows that the formation of 
a solution of this gas from its elements evolves 18,400 heat- 
units. It 18 evidently this low heat of formation which ren- 
ders its direct synthesis so difficult, and which renders the 
gas so easily decomposed by heat. 

202. Tests and Uses. — Hydrogen sulphide is easily de- 
tected by placing in it a strip of paper moistened with a 
solution of lead acetate; in this way it may be shown to 
exist in most specimens of coal-gas, and in the gaseous exha- 
lations from drains, cess-pools, and the like. With sodium 
nitroferrocyanide in alkaline solution, it strikes a deep purple 
color. 

It is used extensively in the laboratory as a re-agent, the 
sulphides which it produces being characteristic for certain 
metals, either in color, solubility, or in some other easily rec- 
ognized property. 

Experiment. — The action of hydrogen sulphide upon metallic 
solutions may be very well shown by the apparatus represented in 
Fig. 32. The gas is evolved from ferrous sulphide in the two-necked 
bottle, and passes successively through the four solutions in the ad- 
joining bottles, the escaping gas being retained in a solution of am- 
monia. In the first bottle may be placed a dilute acid solution of 
lead, in the second one of arsenic, in the third one of antimony, and 
in the fourth one of zinc, the last being made slightly alkaline with 
ammonia. The sulphide of lead in the first bottle will be black, the 
sulphide of arsenic in the second, yellow, the sulphide of antimony in 
the third, orange, and the sulphide of zinc in the fourth, white. The 
first ^hree metals are precipitated in acid solutions, the last only when 
the solution is alkaline. 



0Xiftf!fi .1X11 Anns OF Itrt.riini. 



irv 



Tlie gaa n]»y n.Hdily he iiifliiiiKHl by iippl)-'ii{,' t" 't n lij,'hM!<i U]*;'. 
By huldiiig It Uill-gliisB uver an ignited jeL uf tliJK i<hs, it is be<Jewed 
witli niiiisHire, tliua prnving that tlie gas eontainB hydrogen. More- 
over, cm filling u tul>c. tlie dueud end uf which ii bent so thut it ctsi 
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' 66 plaoed boriE'intall J, with hj'dnigen sulphide over mercury, phichij; 
ft fragment of metallic tin hi the liuristcintnl portion and heating it, 
the xi<" will be (leuoinposed, the tin forming a sulpliide with the ful- 
pliiir and t*tting the hydrogen free. Aa l.hi- voIiiihb of the gii« ri^ 
maiiiK iiiielian}[etl. it ia evident tlmt hydrogen nulphidf^ eontaiiiK its 
own viiluiiie of hyrimgen. 

OXIDEB AND AriDH OF Wl.I'HTB, 

203. Pulpliur may unite with oxj-fren as a dyati, Iftrnd, 
or hexad, and may therefore form the following Ht-riw nf 
oxides and dibn-ali- acid»; 

HypoBulphurniis ..xhle ^"0 Hyposiilphurnu^ aeid H,S"(),, 

Sulphurnua oxide 81*0, Sulphurous i,cid HjSi'O, 

Snlphuric oxMr S'iQ^ Sulphuric wid H,,.S«iO, 

HypoBuIphiiroiiK oxide is unknown. 

204. HyposiilpliiirouA Add. — Fontuiln }\..iiO... Mit- 
leadar maw 6J3'fHJ. Moleenlar vi>liimf 2 (?). This acid Witp 
obtained by Sciiutaenherger by the reduction of Pulphuroiw 
acid by meauti iif xitic : 

Zn + (H,S<;),i, = ZnSO, -|- H,,8(X + H.O 

A yellow solution rewiited whivh dccfdorijied litmus and iu- 

digo solutioDS readily. The acid combines readily with oxy- 
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gen, and is a more active reducing agent than sulphun)u.s 
acid. It is decomposed on standing in the air, producing at 
first thio-sulphuric acid and then sulphurous acid, water and 
sulphur. 

Sulphurous Oxide. — Forimda SO.^. Molecular inoAS 63*9. 
Molecular volume 2. Relative density 31*95. The viasA of 1 
liter hi 2*86 grains (32 crit/is). 

205. History and Occurrence. — Sulphurous oxide was 
first pointed out as a peculiar substance by the alchemist 
Stahl; but not until 1774 did Priestley carefully examine 
its properties. It is found among the gaseous products of 
volcanic action. 

206. Preparation. — Sulphurous oxide is uniformly the 
product of the combustion of sulphur in air or in pure oxy- 
gen ; being formed thus : 

8. + (0,), = (SO,), 
It is also the product of the action of certain metals, such 
as copper and mercury, upon sulphuric acid. The metal 
simply displaces the radical of the acid : 

Cu + ^^^^}0, = ^^]{0, + SO, 

Copper. Sulphuric acid. Copper hydroxide. SiUpnuruiis oxidf. 

The copper hydroxide then reacts with another molecule of 
sulphuric acid, thus: 

Cu" \ o + (SO,) ) Q - (SO.,) I o ■+ (^Xo\ 

Copper hydroxide. Sulphuric acid. Copper mlplmte. Water. 

207. Properties. — Sulphurous oxide is a colorless gas, 
with a pungent suffocating odor, known as that Of a burn- 
ing sulphur match. It is more than twice as dense as air, 
having a specific gravity of 2*247. Cooled to —10'' by a 
freezing mixture, it condenses to a thin colorless liquid of 
specific gravity 1*49, which becomes solid at —76°. Its 
critical temperature is 155*4, and its critical pressure is 78*9 
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airaoepbcri's. A Ifimperature of — 1)0° ia produced hy iti' 
evapnration. Heated tf) 1200° under presHiire, it is deeom-- 
posed and yields sulpliurie oxide and eulptmr. 

Sulpiiurous oxide gas is freely soluble iu water, one vfil- 
ume of wliich ditisolves at 0", (iS-8li, and at 20°, 36-22 vol- 
umes of this gas, formiii;^ sulpburous acid, Xliii* folutiou, 
when cooled to 0°, deponib* euhieal crystals eousirtiiig of 
H,SO„ 14 aq. 

Chemically, sulphurous oxide is neither a cumbuHtible nor 
a supporter of eoiiiliustlou; l>urning bodies introduced into 
il are at once extinguished. It unites directly with chlorine 
to form Hulphurj-1 chloride, nod with positive oxides to form 
sulphites. Hydrog'Ga aulptiite or Bulphuroufi acid liafi 
strong acid properties and destroys vegetable colors, ajijiar- 
eutly by forming direct eomptiunds with them. It exhibits 
a. decided tendency to lake up oxygen and U) pass iulo sul- 
phuric acid; and therefore acts as an energetic reducing 
agent. It is a dibasic acid, an<l forms acid, normal and dou- 
ble sulphites. Its formation is strongly exothermic, 78,70(1 
heat^units being evolved in the production of a dilute aque- 
ous solution from solid sulphur and oxygen. 

ExPEBiMKNTs.— Sulphurous osid<> is e.ieilj liijuefled by pnsHiiK it, 
previously tlinrougiily dried, through ii TJ-tube iiiitniTsed in ice and 
ialt, nx Ehown in Fig. S3. It tuny \i6 pre- 
wrred In B«nled tubes, or if tlie ijumitity 
be Inr^e, in well-Btoppered minPral-WHltT 
bultlw. To fihow the eold prudufed by its 
evn]ioratlim. pour sfime of the liquid upcm 
\he durfiire of merrury ontitiiined in h i-iip- 
«ule. and Mow u eurreiil uf nir ovpr it by 
ineiinB (if ii belluwf. Tbit mercury will lie 
frozen. Or, pour siime of Ilie liquid oxide 
into II thick onieible of plHtinuni which is Pig.ra. ConiloiisatloiiDf 
ml hot; tho lii^itid will HminiK the ephe- '^ 

roidal atnte ot it tRnippriituro below its hoiling point. Tf now, k little 
WHter be poured in, fho sulphurous oKide will ho instnntly vnporiied 
by Ihe h«<il liikfn from the wnler, wliit-h Iherefure iil once bwoniea 
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ice. By suiiie ilexterity, tlie lump i.f icu iiiny be tiimwn out xf llie 
red-hiit crucible. 

Tlie bleaching power of suIpluirouB oxide upon flowers iiiny be 
illustrated by burning some sulphur under a glass shade (Fig. 841, 

within whicli, on a tripod, are sonic 

brilliantly olorod flowers. The flow- 
er« will be readily hlenched, but Ht the 
same time will be very much wilted. 
That the color is not destroyed in 
these cases, may be proved very wi>ll 
by adding some sulphurous acid to 
two glasses, each of which contains 
gome freah infusion of the purple cab- 
baf!^ — an eicellent vegetable ciihir 
for testing acidity and alkalinity. The 
' bleaching action is but slight till ];otiis- 
sium hydroxide solution Is eautiou^ly 
Hdded, when the color entirely disii|>- 
pears, the two liquids becoming color- 
less. But if I) little strong sulphuric acid be added to one, and a little 
potnsEium hydroxide sulution tii the other, the color reappears In both ; 
in the first ease brilliant red, in the other brilliant green. Ether, ben- 
zene, and some other substances, will also restore the color of bodies 
thus bleached. 

The deoiidiaing power of sulphurous ai'id mny be shown by add- 
ing its solution to one of potassium perniaiifjanate. The deep purple 
color of the latter solution at once disapjienrs. 

208. Tests anil Uses. — Siilphunms oxide when free is 
at once detected by its juingcnt odor, and by itP blackening 
action upon paper nioistenod with a polntioii of mercurous 
nitrate. In c<)mbination as a sulphite, it evolves hydrogen 
eulphide when added to a solution evolving hydrogen. 

In the arts it ia used chiefly for bleaching straws and 
woolens; but for the reasons just given, the bleaching is 
not pernianent as it is with chlorine, but requires to be fre- 
quently repeated. On account of its reducing power sul- 
phurous acid, in the form of sodium sulphite, is sometimes 
uwd as a preserving fluid in canning fruits and vegetables. 
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Sulphuric Oxide. — Fonnula HO.,. Molecular viutiH 79*86. 
Molecular volume 2. Belative density 39*93. The mass of 
0)ie liter of t/ie vapor is 3*58 grauis (40 criihs), 

209. Preparation. — Sulphuric oxide may be prepared 
by oxidizing sulphurous oxide. When tliis gas is mixed 
with oxygen, both being perfectly dry, and the mixed gases 
are passed over heated platinized asbestus, they unite, and 
form sulphuric oxide. Commercially, the gases are obtained 
in the proper proportion by dropping sulphuric acid into 
red-hot platinum retorts. The water formed is removed by 
passing the products through sulphuric acid. The oxide is 
also obtained by heating di-sulphuric acid or sodium disul- 
phate r 

H,SA = H,(SO,) + SO, 

Di-sulphuric acid. Sulphuric acid. Sulphuric oxide. 

The vapor evolved is collected in a cold and dry receiver. 

210. Properties. — Sul])huric oxide as thus obtained is 
a white, wax-like solid, crystallizing in silky fibers resem- 
bling asbestus. Its sj)ecitic gravity is I'D. It melts at 16°, 
and boils at 46°. On maintaining the tcmj)erature of the 
fused oxide below 25°, it gradually changes into a solid, 
polymeric aj)parently with the one just mentioned, and called 
ft sulphuric oxide; this, at 50°, becomes fluid again, being 
transformed into the a form. Recent researches nuike it prob- 
able that both these modifications contain water. When ob- 
tained j)erfectly anhydrous by repeated distillations, it is a 
readily mobile li(|ui(l having a specific gravity of 1*94 at 
16°, and solidifying in long transparent needles resembling 
niter, fusing at 14*8°. The li(jui(l boils at 4()-2. It iiimes 
strongly in the air and unites with water with the evoluti(m 
of great heat, producing sulphuric acid. Since tli(» union 
of SO., and oxygen to form li(jui(l SO., evolves 32,100 heat- 
units, the heat of fornuition of li(|iiid SO. from solid sidphur 
aii<l oxygen i:- 103,200 heat-units. 
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Hydrogen Sulphate or Sulphuric Acid. — Formula H^SO^. 
Molecular mass 97 '82. Specific gi-avity of liquid 1'854 at 0°, 
Boils at 325°. 

211. History and Occurrence. — Sulphuric acid was 
prepared by Basil Valentine in the 15th century under the 
name ** oleum sulphuris per campanum." Dr. Roebuck pro- 
posed the present method of manufacture in 1770. The acid 
thus made is therefore often called ** English" acid. 

Sulphuric acid occurs free in the waters of certain rivers 
and mineral springs. Boussingault estimates that the Rio 
Vinagre in South America carries daily to the sea more than 
88,000 kilograms ; and the water of the Oak Orchard min- 
eral spring, New York, contains in each liter over 2i grams. 
It has also been observed as a secretion of certain mollusks ,* 
the saliva of Dolium galea Lk. containing nearly 3i per cent 
of it. In the sulphates of iron, calcium, barium, and stron- 
tium, forming the minerals melanterite, gypsum, barite, and 
celestite, sulphuric acid is also represented. 

212. Preparation. — Sulphuric acid is pre})ared by add- 
ing water to sulphuric oxide, either at the instant of its for- 
mation or subsequently : 

H,0 + SO, = H,SO, 

When sulphur is boiled in nitric acid, it is oxidized to sul- 
phuric oxide, which unites at once with the water present, 
forming sulphuric acid. In the preparation on the large 
scale there are two general stages: 1st, the oxidation of the 
sulphurous to sulphuric acid by the oxygen of the air ; and 
2d, the solution of the sulphuric oxide in water. The agent 
employed for carrying oxygen from the air to the sulphu- 
rous oxide is nitrogen tri-oxide, N.^O,. The entire process 
may be represented theoretically by the four following steps, 
although in fact the reactions are much more complicated: 
1st. The burning of the sulphur to get sulphurous oxide; 

S -f O, = ■ SO, 
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'2(i. The reaction of the i^uiphuroufi and nitrogen oxideB l 

SO, + Np„ = SO, + N,0, 
■i(\. Tilt! union of the sulphuric oxide with water: 

SO, + H,0 = H,80. 
4ib. 'I'lie re-iixidation of the N,0, from the air : 

(tiJJ,\+ 0,= (N,0,^, 
lu practice the operation is conducted in large leaden 
'uhanibers, shown in Fig. 35 ou the following [wge. TIk' 
snlphur m burned in the furuace seen on the left, and the 
Biilphurous oxide produced passes up through the large pipec, 
through a smaller and then a. larger chamlier, into a thinl, 
upon the floor of which pcirouB, eflrtheu, terrace-shaped vee- 
bcIb are placed, over which a stream of nitric acid flows from 
the reservoirri just above. The reaction which takes place 
here is^ as foUowf : 

(SO,), + (HNO,), + H,0 = (H,SO,), + N.O, 
In preeeiice of a limited supply of Pteiim, the next reac- 
tion i 

HOHJ 

the product being a crystalline compound called nitroeyl- 
Huiphuric acid. By the action of wattr thin is dwomposed 
as follows : 

(.o.jgs.)_+H,o=(H,.;;i5).+.NA 

The thii-d stage is effected by blowing steam into the cham- 
bers fh>ni a boiler heated by tlie burning sulphur, as shown 
in the figure. The sulphuric acid resulting from the deuoni- 
position of the crystalline compound and the union of its 
sulphuric oxide with water collectB on the floor of the cham- 
bers, while the Np. unites with the oxygen of the air pres- 
ent to form N,0||, and thus renews the oxidation. A cur- 
rent of air |)asses slowly through these charuliers, and to 
pivvcilt loss, ewpcciidly of the nitrogen oxides, the escaping 



(SO,), + NA + O, + H,0 = (so, Jj'2')^ 
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products \tui^ up through a column of moistened pumice, 
seen on the right, by which these are absorbed. The solu- 
tion thus obtained is carried toward the sulphur furnace and 
allowed U^ trickle slowly over a series of inclined fihelvea in 
the first chamber, where it meete the entering sulphurous 
oxide and is utilined. A series of smaller chambers is gen- 
erally preferred to a single large one. When the acid which 
accumulates in the water on the floor of the chambers has a 
specific gravity of 1'5, it is drawn off, concentrated in leaden 
vats by heat until the apet^ific gravity rises to 1 ■", and then 
in a platinum still or in retorts of gloss, until most of the 
water is driven off and the specific gravity rises to 1 'SS. It is 
then placed in carhoys for use. In practice the leaden cham- 
bers often have a capacity of 100,000 cubic feet, and pro- 
duce continuously thousands of tons per week. Sulphur itself 
is generally employed in this manufacture, though in some 
" cases the sulphurous oxide is obtained by rcjaBting pyrite. 

Experiments— To show tlie reducing nctiiin i.f Bulphuruug oxide 
upon nitrogen oxides, pluce in a jar filled witli sulphurous oxide 
(Pig. 36) B stick dipped in strong nitric acid. Bed 
Cunies of the reduced nitrogen eompounds will al 
once an the jar, and soon unite with the sulpliu- 
ric (jiide to form a crystalline compound which 
lines the walls of the vessel. On add in;;, water, 
the crystals diesolve with efferv.'at'ence. the red 
fumes again appear, and sulphuric iieid nm; 
fuund in the liquid nt the bt'ttoin of the jar. 

Upon tlie lecture-tahle, the aalphuTie acid proc- 
ess may be illustrated by the apparatus shown in ^^-^-^ b^USo"" "' 
Fig. 37. The lead-uhaniber is repreeented by the 
large gXau globe, at flr;t full of air. The two-necked buttle on the 
right contains the materiiiU for generating N,0,',' this gas enters tho 
globe, meets with the air, and becomes N^O,. By mwiiis of a niiituro 
of sulphur and manganese di-oxide contained in the flask shown on 
the left, sulpbnroua oxidn is evolved and U led into the globe by the 
I'otinecting tube. There meeting with the NjOj, the second reaction 
in abcve takes plnite. N,0, nnd SO, pr<Miucini; S0^{ J!g\ whioli 



I sulphurous oxide 

i 
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lilies tiic wulU of the globe, now tolorlesB, witli wliiti' radiating crjs- 
t«l*. If fltuilly. u JBt of steuLii be bliiwii in frmn tlie tliird fliijk, the 
cryBtals dietippear, tile globe becomeb iilled witii I'ed vnpur^, und sul- 




jdnctloii of Sulphnrlc Add. 
phuric ucid collefts at tbe buttiim. 'By renewing tlie nir from time to 
time, through the rubber tuba aliuwd on tbe right, tbe proi:eas may be 

213. Properties. -Sulphuric acid is a den&e, colorless, 
oily, and very corroBive acid liquid, having a specific grav- 
ity of 1"854 at 0°. It boils about 338° and solidifies when 
cooled to a low temperature ; the crystals, which have the 
cnraposition H,SO„ lueltinii at 10'8°. It may be distilled, 
but euffers a partial decomposition, so that the product con- 
tains but 98'7 per cent of acid; this separation inty sulphu- 
ric-oxide and water — or dissociation, as it is called — takes 
pkee completely at higher temperatures, so that at 416° its 
vapor-density is only one half of that required by theory. 
Sulphuric acid has a very strong attraction for water, com- 
bining with it with the evolution of great heat. It-attracts 
moisture from the air, and is often used to dry a gas by caus- 
ing it to hubble through the acid. It also removes water 
from organic matters placed in it, completely charring them. 
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EvPEBiJiKNTB.— T(i sliuw the heat evolved liy tlie union uf buI- 
))huriL' iioid and wiiter, piiur uiic part of wnlcr upuu four pHi-ta stniDg 
lulplmric ocid in u lieakvir. unj stir the inixluro with a tent-tube coti- 
taiiiiug Huuiu ether ur iiluubul. culured with ulkunet, ur other eulor- 
iiig iiiHltHr, The ulcuhiil ur otiier will huil viuletitly; by holding the 
tube ill B stand, the vapor may be ignited, producing u voluminous 

To sliow ite uctioiL on oi^iiic riattera, add to GO cubic centimeters 






of i!^u]phuric acid 
the two together the mass wil 
become hut and rise into i 
blaiJt porous coal. 

The attruction of siilphurii 
neid fur water is now iiiadi 
use of Ini^ely in Paria for tli 
produotion of W. Fig, 
shown the apparutus contrivi'i 
by Carre for this purpose. Tl]i 
water to be 'froEen is placed 
the Bask on tbe left, which is 
connected by a tubr^ with a 

ing sulphuric acid; thi« reser- 
voir may be exhausted by the 
air pump, tlie sulphuric acid 
itlv agitated by 



rong augar-aynip. On stirring 




bein. 



IS Ufa 



The 



led Ij It:, own 

li th t vapor produce)) 
. ngeuls A pint of 1 



evaporation under 
i« at ont^e removed 
aUfr maybe friiEen 



the diminifbecl prcsnure i 
by tbe iulpliuric acid ll s( 
ill 15 seconds with this Bj.pnnilU' 

The eulphurit tuid wiiuh has uoiv been considered is the 
(li-nieta form, ftcconling to the pre\ n us I'lasfiification of acids, 
page 44. By limitmp the temperature during evaporation 
to 205°, by foolint; a mixture of at id and water of specific 
gravity I'TS, or bj mixing together 100 parts of the acid 
and 1^'4 parts of water an and is obtained having the 
comptwition H,ViO whuh is iiumo meta-sulphtiric acid. It 
has a specific gravity >it 1 78 and «t 7'5° crystallizes iu the 
rhumbie system. Again, if a. dilute acid bo carefuHy evajMj- 



168 INORGANIC CHEMISTRY. 

rated at 100°, a third definite compound of water and sul- 
phuric oxide results. It has the formula HgS^'Og, and is 
ortho-sulphuric acid. 

The common form of sulphuric acid is di-basic ; sulphates 
may therefore be acid, normal, or double. Letting M stand 
for a monad metal, they may be represented thus : 

g}so. S}«o. m}s«. S}«o. 

Acid. Acid salt. Normal salt. Double salt. 

The other forms of sulphuric acid given above have also 
their corresponding salts. A zinc mono-meta-sulphate Zn".^ 
SO5, and a mercuric ortho-sulphate Hg^gfeOg, are well known 
compounds. 

The solution of sulphuric oxide in water evolves 36,100 
heat-units. So that the heat of formation of normal or ortho- 
sulphuric acid is 210,700 heat-units, and that of ordinary or 
di-meta sulphuric acid HjSO^ is 192,900 heat-units. 

214. Di-sulphuric Acid, H^SjO^. — Another kind of sul- 
phuric acid is found in commerce, prepared by the distilla- 
tion of partially dried ferrous sulphate in earthen retorts. 
It is a heavy oily liquid of specific gravity 1*9; it is usually 
more or less dark colored, hisses like a hot iron when dropped 
into water, and fumes strongly in the air. It is therefore 
called fuming sulphuric acid, or, as it is manufactured largely 
in Nordhausen in Saxony, sometimes Nordhausen sulphuric 
acid. The name di-sulphuric acid is given to it, because it 
may be regarded as derived from two molecules of sulphuric 
acid, by the removal of one molecule of water, thus : 

(H,SO,), ~ H,0 = H,S,0, 

When heated, it decomposes into sulphuric acid and sul- 
phuric oxide, according to the equation : 

H,SA = H,SO. + SO, 

It is used for dissolving the indigo with which the celebrated 
Saxony blues are made, 
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Ui-eulpliuric acid is now made couinierciaily liy wjinlai'liug 
sulphuric oxide, made by passiiig sulphurous oxide and oxy- 
gen over platinized asbestus at a high temperature, through 
ordinary sulphuric acid. It is called solid sulphuric acid, 
because it solidiiieB when cooled, forniiug crystals which melt 
at 35°. 

Three sulphates have long beeu known under the name 
of vitriols, because like glass ; ziuc sulphate, or white vitriol ; 
ferrous sulphate, or green vitriol; and copper sulphate, or 
blue vitriol. BecauBC sulphuric acid was first prepared by 
distilling the second of these, it has received the name of oil 
of vitriol. 

215. Tests. — The t«g( for free sulphuric acid is the char- 
ring it causes. A natural water containing this acid, if used 
to moisten paper, will char it (Completely on drying at 100°. 
In combination in a soluble form, sulphuric acid and sul- . 
jihatee give a dense white precipitate with solution of barium 
chloride, insoluble in acids. If the sulphate be insoluble in 
' water, it may be recognized by fusing it with sodium carbon- 
ate, thus converting it intii WMlium sulphate. Tliis is soluble 
in water and may be tested as above. Or, what is sometimes 
preferable, the cuspeetcd sulphate may be heated for some 
time witii pulverized charcoal ; it will thus be reduced to a 
sulphide, wliieh, on treatment with a drop of acid, will evolve 
the well-known odur of hyiirogen sulphide. 

316. Uses. — Sulphuric acid is the ni(»t ini[H)rtant sub- 
etence consumed in chemical manufactures. It is used in 
the production of nitric, hydrochloric, phosphoric, citric, and 
tartaric acids; and in the manufacture of soda, of phospho- 
rus, of alum, and of the alkaloids. It is largely used in dye- 



ing, in calico printing, a 
of fertilizers, and in the 
extent of the consumpti 
it has beeu well said, is •■ 
perity. 



e prejiaratioii 
Indeed, the 



id in bleachiu 

■efining of petroleum 

in of sulphuric acid by any nation, 

, true index of its commercial pros- 
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THIONIC ACIDS. 

Besides the acids now given, in which there is but one 
atom of sulphur in each molecule, there are others contain- 
ing more than one such atom, the two or more sulphur 
atoms having different valences. This group of acids, called 
the thionic series, from the Greek »>£Tov, sulphur, contains 
the following substances: 

O 

II 
Thio-sulphuric ucid HaSjOj, hS — S — OH 



O 

o o 



Ditbionic acid HoS./)- HO — S — S — OH 

II II 

o o 
o o 

II II 

Trithionic acid HjSgOg HO — S — S — S — OH 



o o 

o o 

II II 

Tetmthionic acid HjSPg HO — 8 — 8 — S — S — OH 

II II 

o o 

o o 



Pentatliionic acid HgSgOe HO — S — S — S — S — S — OH 

II II 

O O 

217. Tliio-sulpliuric Acid. — Hypo-sulphiirous acid 
of some authors. Thio-sulphates are prepared either by add- 
ing sulphur to a sulphite or by partial oxidation of a sul- 
phide. By the first method : 

Na,S03 + S = Na,S,0, 

Large quantities of the sodium salt were formerly manufact- 
ured for use in photography, under the name sodium hypo- 
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sulphite. It itt alsii u^d ae nn uiiticblor In clilociDC bleaeli- 
ing. The acid correspoDding to it has not been jirepared in 
the free state, as it rapidly decom|>ose8. 



9DLPHUR AND 

318. The Siilpbldes of Chlurine are three in number, 
having the formulas C1,S;, C1,S, and Cl,8. Tbey are formed 
by the direct union of their couetituents, the first being 
formed when the sulphur is present in excess, the last when 
the chlorine is most abundaut. The chloride, C1,S, esiste 
not only in tlie free state, but also in enmbinatioD with cer- 
tain metallic! chlorides as SnCl,fCl,8), with stannic chloride, 
(SbCljj (Cl,8}j with antimooic chloride, etc. 

The sulphurous acid radical SO", called tbionyl, and the 
sulphuric acid radical SO", called sulphuryl, combine with 
chlorine to form thionyl chloride SOCl^ and Hulphuryl chlo- 
ride SOjClj. The intermediate compound HO, | .,. , sulphu- 
ryl hydroxy-ehloride is also kuown. 



§ 3. Selenium and TELLtntruM. 

Helenium. — Symbol. Se. Atomic taam 78-87. Molemlar jhimh 
157-74. I'd^eHw II, IV, VI. Belativi- damiyof mpur'H-iiJ. 
Molecular eoliime 2. Spedfc gravity of mlid 4'.5. Tlie tiioim 
of ime liier of iehnium- vapor at 1420° i« 7"08 ymi/w [7S. 
rritA»). 

219, History and Pr«? pa ration. — Selenium was discov- 
ered by Berzeliua in 1817 in the lead-chamber deposits of 
the sulphuric ainil manufactory at Gripsholm. He named 
it from (TEJijn;, the moon. It is a rare substance, occurring 
occasionally free, but generally iwnibined with copper, lead, 
silver and mercury, as seleuides. It exists also as an impu- 
rity in certain sulphurs. It is obtained from the sulphuric 
acid residues, or from the minerals containing it, by fusing 
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with sodium uitraU' and parbonate, extracting the sodium 
seleoate with water, and reducing this with a solution ol' 
sulphurous acid. 

220. Ppopertiea. — SeJeniuin, like sulphur, is capable of 
existlDg in at least two allotropic states : u 8elenium, which 
corresponds to a sulphur, is a dark, grayish-black crystalline 
solid, of specific gravity 4'8, aud is insoluble in carbon di- 
sulphide. It is a conductor of electricity and has a metallic 
luster, Selenium, is dark reddish-brown in color, has a 
specific gravity of 4'5, and is soluble in carbon di-sulphide, 
from which it crystallizes in nionoclinic prisms. This is the 
more stable form of Beleniuni, the form it has when native. 
A third or amorphous variety is known, having a specific 
gravity 4-26, and existing in two forms, the one electro-posi- 
tive and iDfioluble in carbon di-sulphide, the other electro- 
negative and soluble In this liijuid. It fuses a little above 
100°, and if suddenly cooled becomes vitreous selenium. On 
heating it to 217° and then suddenly cooling to ISC-ISH)", 
keeping this temperature constant for some time, tlie amor- 
phous is converted into the crystalline variety, u selenium. 
On raising the temperature tti LW, j9 passes into a selenium, 
with a distinct evolution of heat. ,5 Selenium melts at 21 7°. 
The liquid boils at almut 700°. In its chemical properties, 
selenium very closely resembles sulphur, forming similar 
compounds with other elements. It burns with a blue flame 
and gives off an intolerable odor like that of decaying horse- 
radish. It unites directly with the metals, forming selenides. 

Telluridm, — SymM Te. Atomic jwws 125'0. Valence II, 
IV, and VI. Relative density of vapw 125-0. Mdetidar 
volume 2. fipetifie gravity of ndid 6'25. The »mws of 1 liter 
nf teUurium-^vapor at 1390° jjj ir47 gram* (125'0 eritlm). 
331. Hlstiiry mid Preparation.— Tellurium was dis- 
covered by Klaproth in 1798, In a Traursylvanian gold ore, 
and named Irom tellus, the earth. It occurs even more 
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rarely tlian selenium, and ie found native in CoWado aod 
in Hungry. It exists alsu in eunibinatiou witli hiemuth, 
lead, gold, and silver. The mode of its preparation m analo- 
goud to that of eeieniurn. It is obtained in solution either 
as potassium telluride, or as tellurous acid, and then precip- 
itated ; in the former case by a current of air, in the latter 
by sulphurous acid. 

222. PropertlPH. — Tellurium is a tin-white, brittle solid, 
having a strong metallic luster and a specific gravity of 6'25. 
It erystallizes in rhombohedrons, and couducts heat and elec- 
tricity readily. It melts at Slid", volatilizes at a white heat, 
and may be distilled. Its vapor is greenish-yellow tike chlo- 
rine. When heated in the air it takes fire and burns with a 
blue flame tinged with green, evolving white fumes of tel- 
lurous oxide. Indeed in all its phynii^al properties it is a 
metal; hut it is so closely allied chemically to sulphur and 
Bcleuiuni, that it is considered with these elements. lis bi- 
nary compounds arc called tcUuridee. 



KKlJlTIONS OF TIfE (iROOT'. 

223. The same gradation of properties is seen iere which 
was noticed in the chlorine group. As the atomic weight 
increases, the chemical activity diminishes. The sum of tlie 
Atomic weights of sulphur and tellurium (31 '984- IS,")], is 
almost exactly double that of selenium, 78'87. They nil 
form similar compounds with hydrogen, H,0, H,8, H,Se, 
and HjTe, in which they are bivalent; and the last three 
form oxides, in which their valence is four and six ; as SO, 
and BO,; SeO, and ScO,,; TeO, aud TeO,„ to each of which 
there Is a corresponding acid. 
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EXERCISES. 
§1- 

1. By what physical and chemical methods may oxygen be ob- 
tained ? 

2. What volume does a gram of oxygen occupy? 

3. One gram of mercuric oxide yields what mass of oxygen ? 

4. How much mercuric oxide is required to yield 366 c. c. of oxy- 
gen measured at 15° and under 736 mm. pressure ? 

5. What mass of oxygen measured at 100° is necessary to fill a 
gas-jar which holds 4*6 liters of water? 

6. At what temperature do 750 e. c. of oxygen occupy a liter ? 

7. Calculate the percentage of oxygen in CuO, MnO.^, KCIO.,, 
KNO3. 

8. How much potassium chlorate is necessary to yield a cubic 
meter of oxygen? A kilogram? 

9. If the chlorate be one dollar a kilogram, what will the oxygen 
cost per cubic meter ? 

10. A liter of oxygen is required of the relative density of 100 at 0°; 
how much KCIO3 is needed, and what is the pressure on the gas ? 

11. How much O will one liter of chlorine evolve from water? 

12. From what is the name oxygen derived ? Illustrate. 

13. By what processes is oxygen obtained commercially? 

14. When was ozone first recognized? By whom? 

15. How may ozone be produced? What is Schonbein*s test? 

16. In what do oxygen and ozone difier? 

17. How is the composition of water proved by synthesis? By 
analysis? 

18. What is the mass of a cubic meter of steam? What volume 
of hydrogen does it contain? Of oxygen? 

19. One gram of water contains what volume of mixed gases? 

20. If 226 c. c. of oxygen and 500 c. c. of hydrogen, both at 110°, 
be mixed and exploded, what will be the composition of the remain- 
ing gas, and \^at its volume at 0°? 

21. What mass of potassium chlorate is needed to evolve the amount 
of oxygen contained in one c. c. of water? 



I 

22. What mass of water can be heated from 0® to 1° bv the comhiis- 
tion of one cubic meter of mixed oxygen and hydrogen ? 

23. What volume has a block of ice the mass of which is a kilo- 
gram ? 

24. An iceberg floating in sea-water of specific gravity 1-027, ex- 
poses 30,000 cubic meters above the surface; what is its entire vol- 



ume 



? 



25. Define water of crystallization. Efflorescence. Deliquescence. 

26. How is hydrogen peroxide prepared? What are the tests for it? 

§2. 

27. How does sulphur occur in nature ? How is it purified ? 

28. Why is sulphur dimorphous ? Prove its allotropism. 

29. What is the mass of 682 c. c. of sulphur-vapor at 500°? At 
1000°? 

30. One liter of hydrogen sulphide contains what mass of sulphur? 

31. 600 c. c. H^S requires what volume of oxygen for its combus- 
tion ? 

32. How manj^ grams of FeS and of H^SO^ are needed to yield one 
cubic meter of H.^S? To saturate one liter of water at 0°? 

33. Name the oxides and the acids of sulphur. 

34. Sulphur burned in a liter of oxygen, gives what volume of 

so,? 

36. Ten grams of S gives what volume of SO.^? What mass? 

36. 53 grams of copper yield how many c. c. of sulphurous oxide, 
measured at 100° and under 750 mm. pressure? 

37. To produce 100 grams of calcium sulphite requires how much 
SO, ? 

38. One kilogram of SO., requires the oxidation of what volume of 
SO, ? 

39. What mass of H,S,07 will yield 100 c. c. of solid SO.,? 

40. One gram of sulphur yields what mass of sulphuric acid? 

41. Oil of vitriol of sp. gr. 1*773 contains 70 per cent of sulphuric 
acid; how many kilograms of such acid may be made from 150 kilo- 
grams of pyrite, containing 42 per cent of sulphur? 

42. What are the chemical changes in the leaden chamber? 

43. To neutralize a kilogram of lime requires what mass of 11,S0^? 

44. How is sulphuric acid detected? What salts does it form? 
46. What is di-sulphuric acid and how is it made? 
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CHAPTER FOURTH. 

NEGATIVE TRIADS. 

§ 1. Nitrogen. 

Symbol N. Atomic masn 14*01. Valervce 1, HI, and V. Rela- 
tive deimh/ 14. Molecidar mass 28*02. Molecular volume 2. 
Tlw inass of one liter u 1*257 grams (14 critJis). 

224. History. — Nitrogen was discovered by Rutherford 
in 1772. He showed that air, after it had been breathed 
by an animal and washed with lime-water, contained a gas 
which would support neither respiration nor combustion. 
Scheele and Lavoisier soon after showed, independently, 
that this substance constituted four fifths of the air. La- 
voisier gave it the name azote, from a and ^ojtj. Ohaptal 
proposed the name nitrogen, from virpov and yeuudw^ because 
a necessary constituent of niter. 

225. Occurrence. — Nitrogen exists free in the air, mixed 
with oxygen. It occurs also combined, in the nitrates of 
sodium, potassium and calcium, and in ammonia. It forms 
an essential component of many vegetable and animal sub- 
stances. 

220. Preparation. — The easiest method of preparing 
nitrogen is to burn out of a given volume of air the oxygen 
it contains, thus leaving the nitrogen. It may also be pro- 
cured by purely chemical processes ; as by heating ammo- 

nium nitrite: ^nHJNO, = (H„0), + N, ' 

or by passing chlorine gas through ammonia solution in 

excess : 

(H,N), + (CI,), = (NH,C1)„ + N, 
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\ay be rilitiiiiied rriicii 
ir copper. A fnijriiini 




Fig. 39. Prepaistlon □! Nltnigeu, 
The osygen h reUiiued Ijj lit 



KXPBBIMENTB.— Nit roge 
out the Diyg^n by phoaphi, 
cnrefully dried, Ie pluced in n smali 
capsule floated upun the furfare of 
vmter liy b piece ol' corl(. The plioE- 
pliorug is lightiid and then covered 
with Ik large bell- );Ih^, as shown 

Fig. 3S. Dense white funnel are 
Turitied b; the cambusLioti, whicli fill 
he jar; the oxygen is i^rudiially ciiii- 
lUBied, And the water ritod ti< liike 
LtB [ilacL', In n short tiuiu these 
diBupiMiur, uiid the nitrogen 
IB left couiparalivKly pure. 

■When copper is used, it in heated 
tu redness in a glasa lube, a 
glow Btream of air is pasted of 
topper, and the nitrogen escitpep fruni the tube. 

For the chemical preparation of nitrogen, the Binmoiiiuni nitrite — 
or what is equivnlent to it, a mixture of equal parte amrarmium chlo- 
ride, potmsium dichromate, and potassium nitrite in three parts of 
water- — is heuted ia an ordinary flask, and the gas is collected over 

327. Properties. — I. Physical. — Nitrogen is a cdIuf- 
lees, odorless, and tiisteless gas, somewhat lighter than air, 
its specific gravity being 0-971. AVhen cooled to —150° in 
' liquid ethylene, iMiiling under a pressure of 10 miOimetere, 
nitrogen is readily liquefied by n pressure of about 30 atnios- 
Bs. The critical temperature is — 146° and the critical 
pressure 35 atiuiispheres | Olszewski). Under these condi- 
' lions liquid nitrogen has a density of 0-4552 ; whicli becomes 
0-83 at —193= and one atmosphere, and fl-Bfifi at —202° and 
0*105 atraoephere. At — l.^S-T" it» coofRcicnt of expansion 
ie 0"0311. Its boiling ixiint if -HIS"; (hough by evaporat- 
it in vacuo a temperature of — ^13° has been reached, 
n the gas is compi-essejl. cooleti in boiling oxygen and 
suddenly cxpnndci.1, solidjiitriigen fulls iu crytitals like snow. 
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Water dissolves about 2*5 per cent of it. Its refractive 
power is to that of air as 1*034 to 1. 

II. Chemical. — Chemically, nitrogen is a remarkably inert 
substance, entering into direct combination with only a few 
elements, such as carbon, silicon, boron, and titanium, and, 
at an exceedingly elevated temperature, with oxygen. It 
extinguishes burning bodies introduced into it, and at ordi- 
nary temperatures is not itself combustible. It is irrespira- 
ble, though it exerts no positively injurious action upon the 
tissues; animals die in it as they would in water, simply 
from suffocation. Though so indifferent when free, the com- 
pounds formed by nitrogen are among the most energetic 
known. The corrosive nitric acid, the pungent ammonia, 
the explosive nitro-glycerin, the active poisons known as 
prussic acid and the alkaloids, all contain nitrogen. Some 
chemists have long believed it to be compound. 

THE ATMOSPHERE. 

228. Physical Properties. — The atmosphere is the aerial 
envelope which surrounds the earth. Careful experiments 
by Regnault have shown that one liter of air weighs 1*29318 
grams at 0°, and under 760 millimeters pressure ; it is there- 
fore 14*43 times heavier than hydrogen, and is the standard 
of specific gravity for gases. Torricelli showed, in 1643, that 
the pressure of the air upon the earth's surface would sus- 
tain a column of mercury about 76 centimeters in height ; 
and as a column of mercury of this height, whose area is 
one square centimeter, weighs 1033*3 grams, it follows that 
this number represents the atmospheric pressure upon every 
square centimeter of the earth's surface. This is equivalent 
to 1,033x980, or 1,012,340 dynes; a little more than one 
mega-dyne. From this it appears that the entire mass of 
the air on our globe is about equal to that of a sphere of lead 
100 kilometers in diameter. The height of the atmosphere is 
unknown ; it is generally given as 50 or 60 kilometers, but 
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observatioos upon the zodiacHl light and iipiiD meteoric show- 
ed prove that it may be from 320 to 340 kilometers in height. 
Ab we rise from the earth, the density of the air diminisheti 
rapidly, according to Marriotte's law ; so that one half of it 
is within four and one half kilflraeters of the surface. The 
barometer shows that the weight of the air fluctuates within 
narrow limits, the column of mercury in this instrument 
varying Eometimes as much as 60 millimeters in height. 

339. Chemical Properties. — Air is a mixture of oxy- 
geu aod nitrogen gases. This may be ascertained both by 




analysis and b* svntheiis The former method iw the one 
by which Lavoisier first established the Lomposition ot the 
air. His e\[>eriment now a classic one in cheniistry was 
thus performed a fjlasB hall in with u long neck bent as 
shown in Fi^ 40 Ha»i paitialh hlled with inert uri and plated 
fin a furnace The neck imssed d wn uuder the surfiRe ut 
the mercury in an adj lining % essel and then up into a hell 
glai« — also full of air^whose mouth was sealed h\ the nier 
I'ury. On raising the temperature of the mercury to neai 
the boiling jMiint a red powder began to aciumiilnte upon 
its surface the \olume of the air pmpoiti nnlh diminish 
g ; until at the end of twelve days, the contraction of vol 
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unie ceased, and the exj)erimeut wiis concluded. The gas 
contained in the apparatus ^vas j)roved to be nitrogen ; and 
by collecting the red powder and heating it, as in Fig. 17, 
the mercury was reproduced and a gas evolved which had 
all the properties of oxygen. 

This experiment was qualitative ; an approximately quan- 
titative experiment may be made by taking a graduated tube 
full of air, placing in it a ball of phospho- 
rus cast on the end of a wire (Fig. 41 ), and 
immersing its mouth in mercury. By the 
slow combustion of the phosphorus, the ox- 
ygen will be removed, and the mercury 
will rise to fill the space it previously occu- 
pied. The nitrogen will be left in the tube. 
Knowing the original volume of air, its 
composition may be easily •calculated. A 
still more accurate analysis may be made 
by means of the eudiometer. Fig. 42 rep- 
resents a convenient f6rm for the lecture-room, known as 
Volta's eudiometer. It consists of a strong cylinder of glass, 
closed above and below by stop-cocks, the lower one carrying 
a funnel for convenience of filling, the upper one a cup for 
holding water, into which may be screwed the long gradu- 
ated tube, shown in the figure. To make an analysis of air, 
a given portion, say 200 cubic centimeters, is introduced into 
the eudiometer — previously filled with water and standing 
on the water-cistern — by means of the measuring glass shown 
on the right. Sufficient hydrogen to combine with all the 
oxygen, say 100 cubic centimeters, is then added, the lower 
cock is closed, and an electric spark passed through the 
mixture from the small ball attached to the upper cap. The 
hydrogen and oxygen unite, and, on opening the lower cock, 
the water will enter to take the place of the gas which has 
disappeared. The long graduated tube is now filled with 
water, inverted in the top cup of water, and screwed to its 



Fig. 41. Analysis of 
Air by Phosphorus. 
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lilnPc. The top ciwk is now opened, iinfl, by depressing the 
ii|>iiiiratii8 in the cistern, the [■eiuaining volume of gae will 
[lasa intJ) this tube and may be measured. 
Assuming that it measures 174 cubiu cen- 
timeters, then the vulume of gas which 
has disappeared must he SlH)— 174 or 126 
(jubic ceutinietere. But tiiis 126 cubic 
ceBtimetere must be two thirds hydrogen 
and one third oxygen, this being the ratio 
in wliicli these two gases combine by vol- 
ume. One third of 126 \» 42; heuce 2(1(1 
cubic ceotimetcrH of air contain 4'2 cubic 
centimeters of oxygen, aud 100 volumes 
contain 21 vwlumesi of oxygen. 

The most a:ccurate of the earlier aualy- 
Be« of air were made by Dutnas and Boua- 
Bfngrault, by drawing pure dry" air over 
red-hot copper. The increase in the maw 
of tbe copper gave the njass of tbe oxy- 
gen, and the increased mass of the ex- 
haugtt<d globe that of the nitrogen drawn 
into it. In this wiiy the curapoeition of the 
' air by mass wai^ directly, and by volume 
indirectly, determined to be as follows ; - 

By „,«JM. By volumr. 




rig. 42. Volta's Eudl- 



OiygHii. 



ITie air of different hicalities, tlmugh nearly constant in com- 
position, in not absolutely so ; the oxygen may diminish from 
21 volumes to 20-9. and in rare mses even to 20-3. 

That the air is merely ii met'liauical mixture of ite con- 
HtituentK, »rid not n cheuiicHi foiii]iouud, in jiroved by the 
fiillowing consirlemtioiiK ; Irt, itn conipoucnlw are aot'unit^d 
in the nitto of their atomic masses; 2il, the properties of air 
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are such as might properly be expected of a mixture ; 3d, 
each gas dissolves in water independently of the other ; and 
4th, no change of volume or evolution of energy appears 
when air is made artificially by placing together oxygen and 
nitrogen. 

Moreover, the same conclusions follow from the results of 
liquefying air. Its critical temperature is not constant, but 
varies between —140*8° and —143° just as a mixture would 
do. The boiling point rises gradually, the nitrogen evaporat- 
ing the more rapidly. By proper treatment two layers may 
be obtained, each having its own meniscus. 

Experiments. — A mixture of oxygen and nitrogen, in the pro- 
portion of one volume of the former gas to four of the latter, made in 
a jar over the water-cistern, acts, in reference to combustible bodies, 
precisely like common air. The cinitrast between air and its constit- 
uents may be shown by taking three jars, one of nitrogen, one of oxy- 
gen, and a third of the artiti(nai air, made as above, and introducing 
into them successively a lighted taper witii a long wick. In the first 
jar it will be extinguished, in the secojid — })rovided a spark is left on 
the wick — it will be relighted, and in the third it will burn norxnally, 
as in the outside air. 

Water, on being boiled, loses the air wJiich it has dissolved. On 
collecting and analyzing this air, it is found to be richer in oxygen 
than common air, having 32 per cent of this gas and 68 of nitrogen. 
As the coeffi<*ient of solubility of both these gases is known, it is easy 
ti> calculate what the composition of the dissolved gases should be, on 
the supposition that the air is a mixture. Calling the air one tifth 
oxygen and four fifths nitrogen, and the coefficient of solubility of 
oxygen -040 and of nitrogen -025, we have: 

SolahitUy calcuUtied. Solubility observed. 
Oxygen -046 X i = '^092 or 81-6 32 

Nitrogen -025 X * ^ '0200 or 68-5 68 



•0292 1000 100 

This correspondence establishes the fact of mixture, since every 
chemical compound has a specific solubility of its own. This larger 
percentage of oxygen in the air dissolved by water, it may here be 
observed, is esseiitinl tQ the life of fishes. 
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Ekhkrimknt.— Tlio reint 
i'bII Hi- Llirif opposite attioi 



The relalivf (leiifiity of nxygtn being W that of nilrogeit 
as 16 : 14, it might be csjiected tliat they would sejiaratf, 
the denser oxygen accuuulatiag near the earth. But we 
have seen that uli luolecules are in t'onntaiit motion; and 
hence that all gases readily permeate or diffuse into each 
other iudependently uf their density. The jierfection of this 
diU'uBion is shown in the fact tliat the variatioa in the cpm- 
jHffiition of the air is bm dighl as analywis has showed it to be, ' 

/e (Imwiiies uf oxygeii Hnd nitrogen, as 
upiiii flame, may be well ahdwn by tlie 
apparHtiis given in Fig. 43. Two bell- 
irlaiiEes ere filled, tlie »iie witli oxygt-ii, 
tie I >tlier with nitrogen, ('1i«e<i by plates 
of gluM and placed ti>getller, tlie uxy- 
K,en lowet-t. h9 uliown in the i-ut. Ou 
reinoviiig tlie ptupper of the upper jar 
and tbi' plulD^ betwiKiii tlie twu, and 
intruduciii^ a 1iglite<] taper having h 
lung wick, tlie flame i« extinguisbed in 
the nitrogen but relighted again — tf a 
B|>nrl; be left un the wick^Ha it de- 
wends iiilri tbe iixygen. Thin may be 
repeated several times before tbe gases 
tHH'iiiiie mixed by diOu^hm. 

Hut bet-idee these two chief com 
Fij. + r r I I N I I [) ninth of the air, it contains oth 
(I fulw-tanieH m umall quantity, 
which are quite as epeential These are aquetnw vapor, ear 
bon di-oside, and ammnula The aqueouc vajwr vanes very 
mdely in amount dtpcnduiK upon various tondiliinis cejie 
(lallv on temperature The quantity of moihture m the air 
i*- measured h\ tliL hvgronietLr air i6 said to be aalurated 
when It (.ontama all the moisture it <.aii hoM at any given 
temperature thus at 0°, one i ubit niittr i" saturated liv 5 4 
^rams ot wnler at 10° hv ') 7 ' p i i -. rd nt 2'}" liv 22 6 
graaiB But till. «ir is scldvm entirely saturated , fiO per 
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coDt is regarded as the healthy mean; but it may contain 
only one fifteenth of the saturating quantity, as is the cat^e 
on the Red Sea during a simoon. When the air is cooled, 
the excess of moisture falls as rain ; thus one cubic meter at 
25° cooled to 10° would deposit 22*5— 9*74 or 12*76 grams 
of water. The carbon di-oxide of the air, the next largest 
constituent, exists in minute quantity relatively — about one 
twentieth of one per cent — though the absolute quantity is 
large, being about 3,000 billion kilograms. It is estimated 
by drawing a known volume of air through a tube contain- 
ing potassium hydroxide, which absorbs it and thus increases 
in mass. This minute amount of carbon di-oxide is the sole 
source of the carbon of vegetation. It is produced by com- 
bustion, by the respiration of animals, by fermentation, and 
by decay. The ammonia present in air exists in even more 
minute quantity, being only from one to fifty parts in a mill- 
ion of air, according to the locality. This ammonia washed 
down by the rain plays an important part in yielding nitro- 
gen to vegetation. Other and variable constituents there 
are in the air, such as gaseous products of various kinds, 
dust, and organic matters. The latter include those micro- 
scopic germs which produce malaria and thus may give rise 
to specific diseases. Miller gives the average composition 
of the air of England as follows : 

Oxygen 20-61 

Nitrogen 77*95 

Carbon di-oxidc 04 

Aqueous vapor 1*40 

Nitric acid \ 

Ammonia >■ traces. 

Gaseous hydrocarbons J 

And in towns : 

Ilvdroi'en sulphide ) . 

^ ^ ' traces. 

Sulphurous oxide, , i 

100-00 
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MTROWHN AVI> HYlllilHiKIH. 

H^TJROGEN NiTRiiiB OR Ammoxia, — Fomula H,N, J/ofccw- 
lur iiuus 17-01. Mol^eidar cuhime '2. Relatitx detmty »■:>. 
TItf. nim» »f 1 liii^ i» l)-7ti35 gram («-5 crit/w). 

230. History. — Aniiriiiiiitt was known to the alchemistH; 
it was mentionei) by Baymoad Lullp in the 13th (.fntury, 
iiin] >jy Basil Valentine iu the 15th. It woe firpl ohtained 

. as ji f;a« hy Priestley in 1774, aud called alkaline air. 
Scheele \i\ 1777 t^liiiwed that it ctiutaiueil nitnificu, aud 
Berthollet aualyKed it in 1785. The name amnmnia was 
)^ivwi by Bergman iu 1782, friiiH that of its chloride, then 
I'allcii sul-iiiuniouiai.' ; which subwtancfl was largely pividuced 
!)y liurniug caiiiel't* dung in the Libyan desert, near a ttmjtle 
of Jupiter AniDJoa. It occurs s|iaringly in nature, traeea 
of it being found in the air, Ju soilB. aud iu moBt mineral 
waters. It exists also in certain nuuerals found in volcanic 
regions, aud in the fluids of animals and jtlaotg, 

231. Preparation.^ Ammonia can not ordinarily he 
produced by the direct union of ita conwtituents ; though by 
Kiiita))le means they may be made to combine indirectly. 
"When for example, nitric acid acts upon zinc, the hydrt)- 
gen which is set free in the ati)mic lorm and hence with 
a stronger than molecular al tract i on —beuce called nascent 
hydrogen — unites at once with the nitrogen, according tii 
the following equation : 

(HNOJ, -I- Zu, = (ZntNO,),). + (H,0), + H,N 

Mlric HFlri. Zinc, Zinr- nUmlf. tt'aler. Ammnma. 

Under the influence of the silent electric discharge, nitrogen 
and hydrogen may cijmbine tw form ammonia. The electric 
spark in moist nir produces ammonium nitrate; and small 
quantities of ammonium nitrite are formed by the evajmra- 
tion of water, by ordinary combustion, by the rusting of iron 
and by the electrolysis of water. Hence ammonium nitrite 
u a normal cfinstituent of the atmosphere. 
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The compounds of ammoDia found in commerce are ob- 
tained either by the destructive distillation of animal matters 
or from the so-called ammoniacal liquors of the gas-work.^, 
obtained in the distillation of coal. Ammonia itself is pre- 
pared by acting upon two parts of ammonium chloride — the 
sal-ammoniac of commerce — with one part of quick-lime. 
The reaction is as follows : 

(NH3HOI), + CaO = CaCl, + H,0 -h CH3N), 

The gas being lighter than air, may be collected by upward 
displacement. 

232. Properties. — Ammonia is a colorless gas with a^ 
pungent odor and a strongly alkaline reaction upon test- 
papers. It is considerably lighter than air, its specific grav- 
ity being 0*59. Subjected to a pressure of six and a half 
atmospheres at 10°, or to a cold of — 40°, it condenses to a 
colorless liquid of specific gravity 0*6362, which freezes at 
— 75° and boils at — 85.7°. The critical temperature is 180° 
and the critical pressure 115 atmospheres. It is soluble in 
water to an extraordinary degree ; one volume of water at 
0° absorbing 1,149 volumes of ammonia gas, forming the so- 
called aqua ammonise. At 15° one volume of water absorbs 
783 volumes of the gas. This solution has the well-known 
properties of the gas, has a specific gravity of 0*85, and 
evolves the ammonia again upon heating. For the prepara- 
tion of the ammonia solution, the same apparatus may be 
employed as was used for hydrochloric acid, Fig. 11. 

Chemically, ammonia gas has a strong, but transient alka- 
line reaction upon vegetable colors, whence the name volatile 
alkali, sometimes applied to it. Though containing so much 
hydrogen it is not combustible in air at ordinary tempera- 
tures, though it burns in oxygen. A burning candle im- 
mersed in the gas is extinguished and animals die in it at 
once, owing to the extreme irritation it causes. Under the 
influence of heat or of the electric spark it is decomposed. 



fiii>i'h:iirii-:s or ammhsia- 18" 

As it coritjiiiis iL-ivuli'iii iiiiiuiTfii it ran uniti- ilirectiy willi 
other bfulk's, the iiitrugpn then liccnmiug a. peutad. 

Ammouia gjia is iiu DxotheriuiL' (joiiipuuuil, tlie reactii>n 
'^"'^ (H,J,+N,= (H;,N),+ 11,8U0 water-gram degrees, 
all the substances being gascuux. The aolutioa of the ga^ 
in water evolves 8,81)1) heat-unite; bo that the heat of fomia- 
tioQ of the aqueouH solutiou is the aum of these values, or 
2(),(ilJ(l heat-units. 

ExPBRiMKN'i's.~ThB indirect fiirmation of nnmionift iruiy be verj 



benutifully eIiuwii by mixing 
gen unci two vulunies of tii- 
tnigen dlHixide, and pRsaing 



of hydr<^ 



uf the 






ttironi^li Hbulh lube cuiibii 
ilig pliitiliized iisbpnus 
ebnwii in Fig. 44. S.. Im 
iiHtlie bulb is cold, llieesc'H 
iiig gises ruddan blue litm 
paper; bnt on warming tl 
bulb, tlie RUrfui^e ai^tiun 




bMtus often be(!oming red-hnt, imd the pungent alka- 
\L\m fumes uf animiinisiippsar and turn the red paper 
. tMok ugain tn blue. 

Tlie ftlisorptjim of ammonia gas bj water may be 
illustrated by Hllitig a Inrge buttie with the gn« by 
upwHrd diBplni'emcnt, and closing the mouth witb a 
rubber cork tbruugb wbich a glas* tube parFes. drawn 
tt) n fine point at t.he lower end. On breaking thi? 
point beneatb tlin surfacB of the water, as fbown in 
Pig. 45. the water will enter the bottle with great vio- 
fcooe, sometimea rTusbint; it. If tbe water be colored 
with red litmus noliition. it will become blun n<< 
it enters tbe bottle, thus showing at the ^ame 



tig. 45. AbBorpHDn t 



etliB 



iilkiLliii 






The facility with wbieli ammonia gas may bw 
■ipelled from its solution by bent, and the ease 
B cimdenwd to n liquid by pressure. bflVH beoti 
irre, ..f Paris, for the proihu'tioo of artiBeiiil ice. 
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iiiiiner^ail 

dri\eii nlT niid in tvndeiised 
tlib liquid xUto ill tlie 
lis soon iit^ the [iruufure pMssee ten 
iitniiixpliuree. l)iti> the cylindri- 
Liil spsce in Ihi! raoi-iver a elosaly- 
■-.' •■ •= fitting VB^ml Bilnd with water is 
mw placed, »nd tlie Hpparntus it 
revel Red, tlie geiienitflr beinft im- 
mersed 111 the water The liquaBed 
gdauoUK Htate and i» re-abourhed b\ th 
in this evapnratiiiii great i^iild is pm- 
duieil uiLi! tlie Tedwl iif wuler is sixin 
frnKeii A larger and tuntinuims iip- 
paratus on the same principle hiis td'Hi 
been pateiile'l by M. Carrfi, * 

The conibustiim of Hmirniiiia in oxy- 
gen may be tcinveiiientlj shown by 
the apparatUK repreeented in Fi^. 47. 
The gas is iibtnined by healing n strong 
Hulutiun of Hminiinia in tbe retort, iind 
is conduvted through n nnrniw g\afs 
tube to H point jnat iit the iipjicr edge Tig. n, 
of H narrow glnsa cylinder, thriiugb '" oxygen. ^ 

whii^h pas^B a turraiil ol' nxyeeii supplied by the flexible tube. Tin 
jet uf ftramonitt gna »a it iaaues, being surrounded by an atmiiBpben 
ol oxygen. Iske* Bre on the nppr<iiich nf a lighted taper, and biiriii 
with a pei'Uliar yellowish flame. 

233. CompOBition. — The composition of ainmoDin niH\ 
be determined l)y introducinfr a given voiiime of the gna int' 
a graduated tube over mercury, and pHi?sing elfctrk; i*park: 




iiMVnsiriiiS 



f M.i/nyr. i. 



WJ 



through it. It is <1is;oili[m>sw! iiuii iluulilciB in volume; llii^ 
piingencv and alkalinity of the gas disappear, and it is no 
I nger m 1«1 le in water By eudiometry, the volumes of its 
Lunetituent are btame<] thus : ai^uming that 1(K) cubic 
centimetpra of amui n a, are taken, they will ex|)auil ft 2tH) 
cubic tflntiiueteiH u [assing the KpHrk ; IIX) cubic centinie- 
KTb of oMfeeo are n w added and the epark again paejretl; 
the 300 cubic centimeters become reduced to 75 cubic centi- 
meters, 225 cubic ceotimeters having disappeared. Of thiK 
225 cubic ceutimetera two thirds, or 150 cubic ceutimeters, 
must be hydrogen and 75 cubic centimeters oxygen. Sub- 
tracting the excess of oxygen taken, 100 — 75, or 25 cubic 
centimeters, from the residual 75 cubic centimeters left in 
the eudiometer, the remainder, 50 cuhic centimeters, is nitro- 
gen. Hence the 20O expanded volumes consist of 150 vol- 
iiiuee of hydrogen and 50 of nitrogen; and ammonia ga^ 
consists of three volumes uf hydrtJgen and one volume of 
nitrogen condensed into two vidumes. 

234. Tcst«.— Free ammcjnLa is eaeily detected Ity its odor, 
by ita alkalinity, and by the fumes which it gives when a rod 
moistened with hydrochloric acid is brought near it. When 
combined, it maybe set free by quicklime and then tested. 

DiAMINF, H,N,^ AND HYnROXVLAMtNE (OH)H,N. — ^Thcrte 
two compounds are nearly related to ammonia. The former 
is a stable gas having a peculiar pungent odor, and is very 
soluble in water. It reduces silver and copper salts to the 
metallic state and forms a hydrate H,N,. H,0. The latter, 
pritduced by reducing nitric acid with tin, forms stlt*i analii- 
goiis U> those formed Ity ammonia, which salts have a reduc- 
ing actiou like thiwe of diamine. Hydrazoic acid, HN„ dis- 
covered by Ourtiua in 1S90, is a highly exphisive gas. 

(IXIKGH AND ACn>8 OF NITROGEN, 

235. — The oxides formed hy nitrogen are five in num- 
ber; thofe normally formed, in wliich il haa ii valouce of 
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one, three, aud five ; and those in which the nitrogen atoms 
are directly united, aud which may be viewed as free radi- 
cals. Their names, together with their corresponding acids, 
are as follows : 

Oxides. Acids. 

Hyponitrous oxide N'gO Hypoiiitrous acid HN'O 

Nitrogen di-oxide (nitrosyl) N'^.^ 

Nitrous oicide N^Og Nitrous ueid HN'"(), 

Nitrogen tetr-oxide (nitryl) ^^^^a 

Nitric oxrde Nv.O^ Nitric acid HNVO, 

Nitric Oxide.— i^ormuto N^O^. Molecular vmss 107*82. 

236. History and Preparation. — ^Nitric oxide, called 
also nitrogen pentoxide and nitric anhydride, was first oh- 
tained by Deville in 1849. It is prepared by the action of 
phosphoric oxide on nitric acid, or better of nitryl chloride 
upon silver nitrate at 60°. 

237. Properties. — Nitric oxide is a colorless, transpar- 
ent solid, crystallizing in right rhombic prisms. It melts at 
80° and boils at 47°. It is quite unstable, sometimes ex- 
ploding spontaneously. It reacts energetically with water, 
producing nitric acid, thus : 

N,0, + H,0 = (HNO,), 

Hydrogen Nitrate, or Nitric Acid. — F(yrmula HNO.. 
Molecular inass 62*89. Molecidar volume 2. Relative den- 
sity 81*5. The mass of one liter of nitne-aeid vapor v< 2*82 
gravis (81 '5 criths). 

238. History. — Nitric acid was known to Geber, an 
alchemist of the 8th century; Raymond LuUy in 1225 do- 
scribed a method for preparing it. Cavendish, in 1785, 
first determined its true composition synthetically. 

239. Formation. — When strong electric sparks are 
passed through a confined portion of air, standing over ii 
solution of potassium hydroxide, the volume gradually less- 
ens and potassium nitrate may be detected in the liquid. So 
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, when ozone acU* upon tln' uitriHgcii dI' tlu' aii', upJio uniiuD- 

i, or ujNUi tli<: lower oxides of uitrogeu, water being pres- 

[ ent, nitriu atid U produced. Again, wUeu animal njattew 

containiug nitrogen are allowed to decompose iu pi't*euce 

■ of weak alkuUne ba^e, nitrates of these basen are produeed. 

In tbis way artiticial niter-beds are made. 

240. Preparation. — Nitrie aeid is alwayi^ iinnluceil by 
I Ibe distillation of a nitrate — generally sodium or potjuwiuni 
nitrate — with aulpburic acid. The reaction may thus be reii- 
reseuted: 

HNO, + HNaCSO.) 

ylli'ic Ilytlro-mdiiiui 

~-....,.. «,,u. ■ichi- SI'IflMU. 

ExPBRrMKNTa.— Tlie ilirtillatinn of nitric Hcid may bp cinntlufted 

II the Hppuruta^ ^iveii in Fig. 48, 'The sodium iiitrote is plH<-«l in 

he retfirt rin tlie riglit, and iip'iii it in pourefl tlinmgli the tuliulure, 

' by means .if a fuii.ii.-l. nli .■^unl vveiirTit ..f fi.lpliurii' Hrid. Tli.- i.C'k 



Fig, 4*. I 



nddernblo 



f th* rotort pnesee into thnt ol' iln- r im'i 

I Unce, and Um receiver, eqppi^rt^d o-ver b bonker. i» covered witli pii- 
o diBtribute eqiinlly Ihn wiit*r whicb ruiie fn.m tbo vessel above, 
I and wliich is intended ti> l<ee|> it cn.il. On liglilinfr tlie burner, tlie 
» Hquefles, rad finnea nppeur, iitid n miirp or loss culured litjiiiil 
I HccumolBtee in tlie rweiver. By plianging tbis, o.illerting the aeid 
I which a.mefl over during tha middle o( the uperstion aeparfttely, a 
coiorloas acid In (ibtHiiied. 
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iinl sodium sulplmte r^jnaitsing iri the rtfturt, lliiix: 
(NnNO,)^ -I- H^(SO,) =Nii3(t50,) + (lINO,|, 
trie add distills over Miid ig uoiidHiised in lliB earlln'i 



341. Propertlea.— NitHe acul is a coIoricsB, fuming, cor- 
rosive, strongly aciil lii|ui(i, liaving a B|iecifi<: gravity of 1 ■"i2, 
CiJ'iled t« —bn° it freezes, aotl heated to 86°, it boile, suffer- 
ing a partial <le«oiii|K>sitiiin. It is alBO rtwlily deconipoppd 
by light. Chemically, it is a (wwerfully uxidizinji a^etit,. 
acting iin most iif the metals with great vigor. Nitrogenous 
auiiiial milistjincps, such as parflinient, silk, and wmil, are 
colored strongly yellow hy nitric aeid. And tiiaiiy noii-nitro- 
genoiis vegetable substances, Buch as glycerin, eotton, and 
sugar, are converted by it intrj violently explosive bodies. 

The conimereial ncid — known as at^ua-iorlis — is of two 
Bori-s, called single and doulilc. Doiibb aqiia-fiirtis" haw a 
epecifie gravity of l-Sfi, and single of I -'22, being one half 
as strung. A mixture of natrie acid and water nf density 
]'42 has a definite boiling point, 12ll'.i°. But it is not a 
definite liyilrate, the Iwiling-f oini being uuifoi'in only under 
a eonstant baromelrio pressure. 
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Nitrk' acid U u nioiiobaBit! acid, aud can t'cinii only minimi 
snlts, represPDted by M(NOj), M being any tnonud mel«l. 
But besides this, which is tlie di-meta-iiilric ai'id, two others 
art' posisible, reprenfuted by H,NO„ mi)ii{>-iiieta-nitric acid, 
aud HjNOj, orthii-nitriu auid. Lead iiioni>-inela-nitrate Pb", 
(NO,).,, and bisitiuth iiiiiuo-mt'ta-uitrate, Bi"'NO, — usuhIIj' 
ualled basic nitrates — are weU kuowu salts; and a hydni- 
bieiiiuthouH orthu-uitrale, H.jBi"'NOs, has also been produced. 

243. Teste. — When free, uitrie acid reddens litmus |kiw- 
erfully, bleacliee indigo-solution readily, aud evolves red 
fuineK im introducing a fragment of copper. These reactions 
are obtained from nitrates after treatment with sulphuric 
acid. Moreover, nitrates deflagrate when thrown on hiiru- 

Iing charcoal. 
Nitric acid la used in the artis for etching upon metalti, 
for oxidizing various Bubstances, for forming various suhrti- 
tutiou product*-, such as nitro-hpnznl and picric acid, and for 
the preparation of nitro-glycerin, gun-cotton, etc. 
34a. Aquii lU'sia. — Neither nitric nor hydrochloric acid 
alone has thi' power of dissolving gold, the rex metaUoruin 
of the aneicnln. But a mixture of one volutne of nitric 
and three of hydrwhloric acid contains free chlorine and 
poseesees this property, whence its name aijua regia. On 
submitting tbif mixture to a gentle lieul, two exceedingly 
volatile liquids are obtained ; one of these is nitryl chloride 
{NOJCl, the other nitrosyl cidoride (NOjCl. Neither of 
thee^taek golil. 
NlTSlKIEN TeTR-<1X1DK. — F<. 
ri/nrni-wHl-Hfi. Mokniki 
344. Preparation. — Nitrogen teti 



t >'.,o. 



NO p'- 
4 t DUfK-iati'iii). 



Mol^c- 



directiy by nusiwg together Iwu volumes of : 
with one vi>liin)tt of oxygen; although it i 
fUttsi by heating perfectly dry lead nitrale: 
<.Fb\NOj;,, = (,n,0], + (N7>,K 



litroge 



y he formed 
dioxide 
illy pre- 



^ ^V^^^4 



+ <*. 



» • 
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On passing the vapors through a freeziDg mixture, they 
are condensed to a liquid, or if perfectly dry, to a white crys- 
talline solid which melts at —9°. As the temperature rises, 
the color of the liquid changes from yellow to deep orange, 
until it reaches 22°, when it boils, evolving an orange vapor 
which at 40*^ is almost black. This substance furnishes an 
interesting example of dissociation at ordinary temperatures. 
The theoretical vapor-density for N^O^ is 45*9, while that for 
NO^ is 22*9. At the temperature of 22°, the boiling point 
of the liquid, this relative vapor density is 38 ; showing that 
about 34 per cent of the N.^0^ is dissociated. At 150° the 
vapor-density becomes constant at 22*9 and all the molecules 
consist of NO.^. This progressive dissociation may be traced 
by the change in color ; N^O^ being colorless, while NO.^ is a 
deep brown, darkening as above as the temperature rises. 
By the action of cold water it yields nitric and nitrous acids : 

KO)^ + H)^= H }^ + H 1^- 

And hence its constitution must be ON — O — NO.,. It is an 
energetic oxidizing agent, many substances burning in its 
vapor. It combines directly with chlorine to form nitrvl 
chloride (N0,)C1. 

Nitrous Oxidk and Acid. — Fomuiku^ N,0., aiul HNO,. 
Molecular maa.^ of the oxide 75 'OO ; of the acid 4()*93. 

245. Preparation. — Nitrous oxide may be prepared 
either directly by the union of four volumes of nitrogen di- 
oxide with one volume of oxygen, or indirectly by the reduc- 
tion of nitric acid by starch or by arsenous oxide : 

(HNO3), + A8,0, = (HAsO,), + N,0, 

By passing the evolved vapors through a freezing mix- 
ture, the nitrous oxide condenses to a vorv* unstable blue 
liquid, which reacts with water, producing nitrous acid ; this 
is ako a blue liquid, which may be preserved at low temper- 
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atiires unulterud, bill is decompHjeed readily iiiti) nitrii' acid, 
water, and tiitrcigen di-oside, thus ; 

(UNUJ, = HNO, + 11,0+ N.O, 
Nitrous auid t'liruis stlts i.mlli;d iiitritia*; the niiino-ineta 
fonu is monobueic, the ortho form, tribueic. Potassii; mono- 
luela-oiti'ile is KNO.ji this is the more commoE- form of ni- 
trite. Hydro-plumbic ortho -uitrite HPb"NO, and iiornuil 
plumbic onho-nitrile Ph'^NO,)^ are examples of aetually 
kuowD ortfao-sallc 

ExPBBiMKKT.— The fiirrimtiijii of iiitnma ciniip<.iindfl by the (iiUIh- 
iu(i of Hmmonirt nrnj- be illuatraterl lij the appHrHliit slinwii in Fig. 

50. A fla«k is ime third Htled with strong anitnoniii sulutiiui, Hud 

plauHd in a cup nf aatid uu the gtia I 

iiHCK. A Epirtil (if pliititiuoi wire i 
I third of a milliiiietur thlck^rurnied hy 

winding it shuut s (icnoil^s »ttni-lied 

to H mirk, huated tii rudiiBsi uJid plmi^jied 

Mtunce intutlieflii^k. At the eiime tiiiK- 
I oxygon gBB is admitted through u glii.-f 

tnk> which just di[ia into the liquid. Tile 

spiral glnwjs hrillianlly in Ihp gw^'uuB 



operation is repeated, 
e place rupiilly within 
rugeii tube. 




I NjTROGEK Di-fixiDE. — Formidit N,0, 
Mole-eiiftr wilvme 4 ( Diumtuitioii). 
Tlte flitter >•/ one Uter is 1-34 ./r..iH« 
340. HiHtory. — Nitrofren ili-oside, thoiijili 

I Bales, was Bret iuvestigatcd by Priaatley iu 177 



JWofecwtor w((iw iJ9-i!4. 
leioiive dminly 14-98. 
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247. Preparation. — It may be prepared by the action 
of dilute nitric acid upon metals, such as copper, silver, or 
mercury, or upon ferrous sulphate. With copper, the reac- 
tion is as follows : 

Cu, + (HNO,), = (Cu(N03),,), + (H,0). + N,0, 

248. Properties. — Nitrogen dioxide is a colorless gas, 
having a specific gravity of 1*089. Its critical temperature 
is — 93*5° and its critical pressure 71*2 atmospheres. Under 
atmospheric pressure it boils at — 153*6° and solidifies like 
snow. There is an anomaly in its vapor-density, since its 
molecule, if saturated, occupies four volumes instead of two. 
This is explained by the supposition that even at ordinary 
temperatures the molecule is separated into two others, each 
of which occupies the normal volume. This is known to 
be the case with some other bodies, alike irregular in their 
vapor-density. One volume of this gas dissolves in about 
twenty of w^ater at 15°. 

Nitrogen di-oxide is strongly endothermic, the reaction 

being 

Nj + O^ 5= NjO., — 43,000 water-gram degrees. 

Hence it may be exploded by detonating a little mercuric 
fulminate in it (Berthelot). So too, combustion in this gas 
evolves more heat than combustion in oxygen ; a result ex- 
plicable only on the supposition that to separate N and O 
from each other in the N,0.^ molecule requires less energy 
than to separate O and O from each other in a molecule of 
oxygen O,. 

Nitrogen di-oxide extinguishes the flame of a candle intro- 
duced into it; but phosphorus well ignited burns in it with 
great brilliancy, being able to take away its oxygen. It 
has a strong attraction for oxygen, com})ining with half its 
volume of this gas to form red fumes of nitrogen tetr-oxide, 
N/)^. It also unites directly with chlorine, ])ro(lucing nitro- 
syl chloride (NOjCl. 



MTROGS.V mOXIUE. 

iRlMKNTs. — Tu prepiire nitrogen di-oiide, nitric acid uf spa- I 
vitj VI — prepured liv ililuling the uniiiiBrj iieid with t\ 




Fig. Bl. Combustion 
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Hyponitrous Oxide. — Formula N^O. Molecular tnoHs 43-98. 
Molecular volume 2. Melative dendty 21*99. Tlie inass of 
one liter is 1*97 grains (22 criths). 

249. History. — HypoiiitPOU8 oxide was discovered by 
Priestley in 1776. It was more minutely examined by 
Davy in 1809, who discovered its exhilarating property. 
It was first used as an anaesthetic by Wells in 1845. 

250. Preparation. — Hyponitrous oxide maybe prepared 
by reducing nitric acid with zinc or stannous chloride ; but 
it is generally obtained by decomposing ammonium nitrate 
by heat, according to the equation : 

(NHJNO3 = N,0 + (H,0), 

The gas, being heavier than air, may be collected by dis- 
placement. It may also be collected over warm water. The 
apparatus used is shown in Fig. 54. 




Fig. 54 I»rej)aration of Hyponitrous Oxide. 

251. Properties. — Hyponitrous oxide, sometimes called 
nitrous oxide, is a colorless gas, inodorous, but with a dis- 
tinctly sweet taste. It is one half heavier than air, its spe- 
cific gravity being 1*527. Cooled to —88° or subjected to 
a pressure of thirty-two atmospheres at 0°, it is condensed 
to a colorless mobile liquid of s])ecific gravity 0*937, which 
freezes at — 101°. Its critical temperature is 35*4° and its 



riiorKiniES of hy/'omtuuvs oxide. 

L-rititjal [irt-tMUre ie 75 atmospheree. The liquid also freezesl 
by iti^ on-n evapomtion when allowed to escape into the open J 
air, ]iri«3ucing a snow-like mass, which, mixed with earboal 
(ILsulphide and placed in a vacuum, produces the very low 1 
temperature of —140". The gas is quite soluble in water, 
one hundred volumes dissolviiig seventy-eight volumes at 
15°. It IB more soluble in alculiol and in alkaline HolutionB. 

Burning bodies have iheir combustion accelerated in hypo- J 
nitrous oxide. A candle having a spark upon the wick is i 
relighted in it, much as in oxj'gen. Phosphorus and sulphm 
burn in it with great splendor. The gas is decomptjsed, and 1 
its oxygen unites with the mbistiHe WTien br athed in | 
moderate quantity it exerts a maikcd exhdaratne actn 
the system, and hence has been allel laughing gaa Of j 
late years it has come cxtensiv«h mt se a« an anaesthetic | 
agent, the inhalation being c ntm led foi a 1 nger time 
It was with this gas that the j roperti f ai SEsthesia flu 
covered; a discovery e\erywh«re atku wledgel as ne of | 
the crowning surgical discoveries of the present century 

Its composition may be a«.ertaioed bj passing elettno 1 
sparks through it, when it separate^ into two volumes of 7 
nitrogen and one of oxvgen r ] \ ex| 1 ling it with an * 
equal volume of hydrogen, when its own volume of nitrogen 
only is left. This oxide, like all the oxides of nitrogen, is 
an eudothermic compound, anil hence can not be prepared 
from ils constituentj? without the addition of energy from 
wjnie external source. 

353. Hyponltroiis Acid. — Formula HNO.— By reduo- J 
ing a solution of potassium nitrate with sodium amalgam, t 
potaasiura hy[Minitrite is obtained ; and by decomposing silver I 
hyponitrite by hydrogen chloride, the free hyponitroue acid i 
is obtained. It is strongly acid, quite stable, reducei 
manganates, sets free iodine, nnd yields hyponitnms oxide 
im dehydration'. The silver salt decomposes with oxplotiion 
above 110°. 
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§ 2. Phosphorus. 

Symbol P. Atomic mam 30*96. Molecular inass 123*84. Mo- 
leeular volume 2. Valence I, III, and V. Relative density 
61*92. The moM of one liter of phosphorus-vapor is 5*55 
gi'am^ (62 criths), 

253. History. — ^Phosphorus was discovered in 1669, by 
Brandt, by igniting evaporated urine in closed vessels. One 
hundred years later, in 1769, Gahn and Scheele discovered 
it in bones, and in 1775 proposed a method of preparing it 
from them. 

254. Occurrence. — Phosphorus does not occur free in 
nature. It exists in combination in the minerals apatite, 
pyromorphite, wagnerite, etc., which are calcium, lead, and 
magnesium phosphates, respectively. Vast deposits of cal- 
cium phosphate occur on many of the Caribbean islands, 
and near Charleston, S. C. The bones of animals contain 
calcium phosphate, and this as well as other phosphates are 
present in their tissues, being derived mostly from the seeds 
of plants. 

255. Preparation. — Phosphorus is prepared by acting 
upon burned bones with sulphuric acid, leaching off the re- 
sulting liquid, evaporating it to dryness, and distilling the 
residue with charcoal. The earthy matter of bones consists 
of calcium phosphate Ca"3(P04)2. By treating this with sul- 
phuric acid, acid calcium phosphate results, as follows : 

Ca"3(P0J, + (H,SO,), = (CaSOj, -f H,Ca"(PO,), 

Calcium Suiphuric Calcium Hydro-calcium 

phosphate. acid. xulphate. phosphate. 

This is leached off from the insoluble calcium sulphate, and 
by evaporation of the solution to dryness is converted into 
calcium m eta-phosphate, thus : 

• H,Ca"(PO,), = Ca"(PO,), + (H,0), 
and the calcium meta-phosphate distilled with charcoal giveg 
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phoBphoriis and cak-ium phosphate again, according tii tbe 
equation : 

(Ca"(POj ), + C„ = Ca',(PO,J, + (CO)„ + P. 

Practically tht bones pievn-uslj burned and ground vury 

ftne are mixed with two thirds of their mass of wtrong sul- 

phunc acid diluted with eighteen or twenty pai-th id water, 



^ "^ 




Fie ^ Preparation of RiaaphoniB. 



well etirred, and allowed to stand for twelve hours The 
' clear iiiitnd is tlieD strained irnm the deposited Lakium sul- 
phate or gvpsum, e^apo^atcd in a pan to a ejrup^ tunsist- 
ence mixed with one fifth itf niasK of charcoal powder, and 
heateil to low ledness The dn matw m then placed in earthen 
retorts with lung necks and these are ranged graduallj to 
bnght redness in the furnate shown in Fig. 55, when the 
phosphorus diptills over and coiidenwe in the receivers. The- 
oretically, the hone ash should yield eleven per cent of phos- 
phorus, but practically only eight per cent is obtained, unless 
enough xand is added ti> form calcium silicate ; then all the 
phosphorus is set free. 

The crude phosphorus is purified generally by melting it 
under water and agitating it with a mixture of potassium 
di-chroinate and sulphuric acid. The impurities are oxidized, 
aud the pure liquid phosphorus remaius colorless and trans- 
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parent at tbe bottoni of the vessel. It is then ladled into 
a conical veaael Hurrouuded with warm water, shown in Fig, 
I 56, from the bottom of which a tube passea, through a st<jp- 
cock, into another tube laid 
horizontally in a vessel con- 
taining cold water, which 
tube can be closed by a 
plug. On opening the cock 
the tulw tills with melted 
phosphorus, which in the 
Flg.M.CBsiiiiBPboBpiK.™sitiaticta. ^.^^jji ^.^^^ go^Q solidifiea, 

And may be withdrawn as a solid stick by removing tlie 
plug. In this form it is brouglit into commerce. 

356. Properties. — Phospliorue ia capable of existing in 
two markedly different allotropic states. Prepared as, above, 
a phosphorus is a colorless, transparent, W!is-!ike solid, hav- 
ing a specific gravity of 1'83. It melte at 44° to a colorless 
liquid and boils at 290°, yielding a colorless vapor of speoifie 
gravity 4'35-5. It crystallizes fn»m its solution in carbon di- 
eulphide in the form of the regular dodecahedro 
It is not soluble in water, but 
dissolves easily in carbon disiiJ- 
phide, in phosphorous chloride, 
in alcohol, in ether, and in fcr- 
tain volatile and fixed oil,*. In 
the air it oxidizes readily, luul 
hence must be kept under wa- 
ter. Owing to this slow combus- 
tion it is luminous in the dark, i Fig. ii^. l* 
though a trace of naphtha or I'hosplmrua crjamia. 
nil of turpentine in the air prevents this phenomenon. It 
is violently poisonous, and kills by depriving the blooil of 
oxygen. Oil of turpentine is the best antidote. Heated to 
S*)" in the air it takes fire and burns vividly, forming pho.s- 
, phone oxide. 
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In 1S4S Sohrotter discovered tliut by heating ordinary 
phosphorus Ui 300° in a gas which had no action upon it, it 
was converted into a chocolate-red powder — j9 phoBphorus— 
jKusessing properties entirely different from those previously 
exhibited, lie specific gravity is 2'14. At 358° it is rccou- 
■ verted into the « variety. It ie insoluble in the ordinary 
solvents of phosphorus, but it may be dissolved in metallic 
lead by heating in a sealed tube with this metal. On cool- 
iug it cryBtallizes out in acute rhoinhohedral crystals (Fig, 
57, 2), having a metallic lust*r, an almost black color, and 
a specific gravity of 2"34. It has no odor, iloes not oxidize 
readily in the air, and is not poisonous. It does not take 
fire until heated to 260°. The formation of the red ph(»pho- 
rua from the white variety ie acciiinpaiiietl by the evolution 
of 19,200 heat-units. Hence the less a<.'tivity of the former. 
257. UBes. — Phosphorus is extensively used in the manu- 
facture of friction matches. For this purpose the a. variety 
is generally employed ; though on account of the frightful 
disease of the jaw which it causes in the workmen, the j9 or 
red variety is much to be preferred. It is used ftlsi> in metli- 
cine and as a rat-poison. Its spectrum is characterized by 
two green lines, readily seen in the flume of hydrogen whicli 
has hoen passed over phosphorus. 

PHOSPHORUe AND HYDKOdEN. 

Three compounds of phosphorus and hydrogen are known : 
a gaseous compound EL,P, a liquid one H,P,, ami n f?oHd otic, 
H,P,. 

Hydbooen Phobphide or VnoHVHiTs-E.— Formula H,P. JlAi- 

leciilnr mojw 3!!'96. Mdeetifnr voiiime 2. Jtelative deitgity 
ir>-'J8. n*- mam of mie llti-r u 1-52 (jrmnif fl7 mVAo). 
208. His trtry,— Hydrogen phosphide was discovered in 

178.3 by Qen^embre; hut itH analogy witli ammonia was 

first established by Heluricb Boee in 1832. 
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259. PreparatioD.— It may be prepared by tiie action 
of water or of acids upon phosphides ; 

Ca.P, + (HCl). - (CCU. + (H,P), 
by the decomposition of so-called hypophosphorous acid ; 

tH(PO,HJ), = a,PO, + H,P 
and by boiling phosphorus with a solution of potassium hy- 
droxide : 

(HKO), + P. + 01,0), - (K(POft)). + H,P 

280. Properties. — Phosphine is a colorless gas, with a 
nauseous garlic-like odor. It is sparingly soluble in water, 
is condensable to a liquid, and is neutral iu its reaction. Its 
specific gravity is 1-175. It takes tire readily at 100°, burn- 
ing with a brilliant flame. It unites directly with hydrii>dic 
acid, forming phosphouium iodide, analogous to ammonium 
iodide formed from ammonia in the same way. 



BxPBRlMKNT, — Hydrogen pbuaphifie iimy be con leniently pre- 
pared by tbe HpparaCus shown in Pig. 68. The retort is une tbird 
filled with moderately poncentrated solution of pota!aiutn bydroKidc, 
a few pieces of pbosphonis are dropped in, and by moans uf tbe tube 



Tig. 5R. Preparation tut Hyiirogpii Phosphide, 
paseirg tbruufrb tlie tiiliuliire, the nir ia diaplneed by a current of pure 
hjdmgen. Tbe beak of the retort is prolonged by a glass tuba whiob 
dips beneath tbe surfiire of tbe water in the porcelain disli. thli» rut- 
ting off contact with the air. On heating the contents of the retiirt 
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t« boiling, liyilrogiin ga* HrBt esoup^ tiut souD bubbles uf pbdapblne 
iQHke their tippotin)ii(.'e, uoch one of wbich as it bursts takes fire epoii— 
taiieousl; — owing tu a atnall quantity uf tb« liquid pbojphide difi- 
Bolved in it — and forms a beautiful ring of white Bmoke wbicb rotults 
on its' circular axis aa it asconda. If the air of the room be stiil, sev- 
eral of tliese rings will follow each other to tbe euiling. When tint 
experiment is concluded, tbe bydrt^en ujay be Hgnili passed until tile 
gas is no longer spontaneously inflammnble. 



(IXIDES ASU i 



i OF PHOBPHOHUH. 



The uormal oxides and acids of phoephonis I'm 
BcrieB with th<»8(.i of uitrogeii. The knowu lueti 
series are the foUowiijc; : 



Hypophosphor 

PboiphorouH 



-e"'.p, 

[ Hyp<,,,ho.pho«,u. 

p,„ I Phoiphorous Buid 

'' ' ] Pln.sphoric acid 

!_■ ML»tH-[>hosphoric 



add H(P"0.,H,) 
H^(P'0,H) 
D,,{P'0,! 

dd H{P«0,i 



Phosphoric Oxidk.— 
261. Preparatiui 



—Fvmmla- P,0,. Mnkciilar manii 141 -72. 

1.— Phosphorif oxide is always thi 
uct of the rapid combustion of phosphorus in the 
oxygen. The reaction is syutlietio, tljue : 
P, + (O,), = (PA). 

Ekpekimbnt.— Place a fragment of cure- 
flilly dried phosphorus in a siiimII cup on s 
stand, in the middle of a dining-plnte; ignite 
it by a hot wire and pover it with a large bell- 
^Ibbs, hs shown in Fig. 59. White fninea will 
All the jnr, gradually BgE;regat« togetbpr Jind 
fall into the plate, resembling in Hppenrance 




262. Ppopertl^«. — Ph 

amorphoun powder, whirli 



iphoric oxide 
■■ fusible at a 
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easily volatilized. It rapidly attracts moisture from the air, 
and adheres together in flocks. When plunged into water 
it hisses like a hot iron, and then dissolves, forming phos- 
phoric acid. It is used for drying gases. 

Tri-hydrogen Phosphate or Phosphoric Acid. — Formula 
HgPO^ . MohmLar mass 97 '80. 

263. Preparation. — Phosphoric acid is obtained by tlic 
action of boiling water upon phosphoric oxide : 

P,0, + (HP), = (H,PO,), 

by the oxidation of phosphorus by nitric acid; or by the 
decomposition of phosphates by sulphuric acid : 

Pb",(PO.),, + (H,(SO,)), = (Pb"(SO,)), + (H,PO,), 

Lead phosphate. Sulphuric a<fld. Lead sulphate. Phosphoric acid. 

Commercially, an impure acid is prepared by treating bone- 
ash — calcium phosphate — with sulphuric acid. 

264. Properties. — As thus prepared, phosphoric acid 
is a syrupy liquid, which by spontaneous ev^apo ration over 
sulphuric acid gives hard, transparent, prismatic crystals, 
which deliquesce in the air. Their solution is intensely acid ; 
it does not coagulate albumin, nor precipitate barium chlo- 
ride. It throws down from amraoniacal solutions of magne- 
sium sulphate a white crystalline precipitate of ammonio- 
magnesium phosphate, sometimes called triple phosphate. 
It gives with silver nitrate, when neutralized by ammonia, 
yellow silver phosphate. On heating its aqueous solution to 
213°, it "gives di-phosphoric acid ; and on raising the temi)ei- 
ature to redness, meta-phosphoric acid is produced. 

This form of phosphoric acid, being tribasic, is capable of 
forming acid, normal, and double salts. The following are 
examples of each: 

Acid Salts. 

Di-hydro-sodlum phosphate H./NaP()4 

Hydro-di-sodium phosphate HNa^PO^ 

Hydro-calciuin phosphate HCa"P()^ 



META-PROSl'JiOBIC AVID. "2{)7 

Sormiil .SVi/A. 

PoUusium phoapbHte K^PU, 

IJiiriiim phosphate Ba"jiPO,)j 

Bismuth phoapUiita Bi"'PU, 

Double Salts. 

Amrannin-mHRnesiuiii phuaphntu |NH,)Mg"(Ptl,] 

Putussio-Wriuin plicispliuto K Bii"( PO, ) 

The Bciil aod Durmal ealle are Bometiiiies calteil primary, 
secoudary, or tertiary salts, accordiag as ouc, two iir three 
hydrogen atoms are replaced tn fcjrm them. 

Mono-hydrogen Phosphate oh META-PHOsrHoiiif Acid. 

Foniiida HPO,. Mohcitlar inem 79-84. 

2«5. History and Preparation. —In 1833 Graham 
showed that ordinary phiiaphiiric aciii loses water iin liciug 
heated to redness, and on ^^ooli^lf; beeemes a traUHpareul iee- 
like siilid, ilie so-called ghicial pliosphorie acid : 

H3PO. - H,/) = HPO, 
The same ac-id is prodnced by dit^olving phosphoric oxide 
incLlmtor: ^^^^ _|_ jj^^ ^ ^^-^^^^^ 

Meta-ph'wphates are produced hy igniting acid phoephatps 
which have two hydrogen atoms : 

H^'aPO, ~ Ufl = NaPO,, 
or whieh have two atoms of volatile base : 

H(NH,)NaPO, = H(NH,)0 + NaPO, 

I'hm/iMc. pliiH-phali:, 

By decomjrasing meta-phnsphates, the acid is obtained. 

26«. PrnperticH. — Metn-phosphoric acirl is a hard, trnus- 
parent, colorlew, glassy mass, not crystallizable, anrl very 
soluble 10 water, forming a Ptrougly acid sohitiou, which 
gradually takes up water and C'lrmB tri-hydmgen phosphate. 
It coagulates albumin and gives a while precipitate with 
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silver nitrate. It is mono-basic, and forms but one class of 
salts. It is distinguished by a remarkable tendency to pro- 
duce polymeric forms, called di-, tri-, tetra-, and hexa-meta- 
phosphates, respectively. 

The two phosphoric acids now described are the mono- and 
di-meta forms of ortho-phosphoric acid, H.PO. , being only 
more distinctly marked examples under a general law. Cer- 
tain ortho-phosphates, as the mineral libethenite, hydro-di- 
cupric ortho-phosphate HCu^^PO-, and di-hydro-ammonio- 
magnesium ortho - phosphate Hj (NHJ Mg^'PO^, are well- 
known bodies. 

Di-PHOSPHORic OR Pyro-phosphoric Acid. — Fm-muh 
H^P^O,. Molecular rruiss 177*64. 

267. In 1826 Olark discovered a variety of phosphoric 
acid intermediate between the two forms already described, 
produced by heating a solution of the tri-basic acid to 213°, 
and which for this reason he called pyro-phosphoric acid. 
Two molecules of the tri-hydrogen phosphate together lose 

one of water: (h,PO.), - H,0 = H,PA 

Di-phosphates are produced by igniting a phosphate which 
has one atom of volatile base : 

(HNa,POj, - H,0 = Na.P^O, 

Hydro-di-sodium phosphate. Wat.rr. Sodium di-phosphate. 

It occurs generally in solution, but may be obtained by 
evaporation at 213° as a soft glass or in semi-crystalline 
masses. Its solution is strongly acid, does not coagulate 
albumin, and precipitates silver nitrate white. Being tetra- 
basic, di-phosphoric acid forms a large series of acid, normal 
and double salts. It bears the same relation to tribasic phos- 
phoric acid that di-sulphuric acid bears to dibasic sulphuric 
acid. On boiling its solution, it takes up a molecule of 
water and becomes tri-hydrogen phosphate; on igniting it, 
it loses one, becoming mono-hydrogen phosphate. 
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268. Aldehydic Phosphoric Acids. — Two other acids 
of pentad phosphorus are known, which, as they resemble 
the aldehydes of organic chemistry, may be called aldehy- 
dic acids. These are commonly known as phosphorous and 
hypo-phosphorous acids. Phosphorous acid has the formula 
HjCPOgH), is dibasic, and forms so-called phosphites. Hypo- 
phosphorous acid, H(P0.^HJ, is mono-basic, and is obtained 
by decomposing barium hypo-phosphite with sulphuric acid. 
Hypo-phosphites are formed by boiling phosphorus in alka- 
line solutions. 

Phosphorous Oxide. — Fonmda PPg. Molecular viasf^ 109-8. 

269. Preparation and Properties. — Phosphorous ox- 
ide is produced by the imperfect combustion of i)hosphorus 
in dry air. For this purpose the phosphorus is placed in 
a somewhat narrow tube (Fig. 60), drawn to a point at one 

end and at the other 
connected with an 

Fig. 60. Production of Phosphorous Oxide. a^pirator, by means 

of which air may be 

drawn through the tube. On heating the tube the phospho- 
rus takes fire, and a bulky amorphous deposit of phosphorous 
oxide collects bevond it in the tube. The white flakes are 
readily volatile and have an alliaceous odor. They are deli- 
quescent and dissolve in water with a hissing noise, 
forming an acid solution. The rational constitu- 
tion of this compound is unknown ; but it can 
hardly be normal, since it does not give the nor- 
mal acid by the action of water. 

No acid of triad phosphorus is certainly known. 

270. Hypo-phosphorous Oxide. — By cover- 
ing fragments of phosphorus with a layer of phos- 
phorous chloride, and exposing the whole to the ^" 
air, Leverriier obtained a canary-yellow substance, soluble 
in water, and decomposing when boiled, into phosphoric acid 
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and a fiocculent substance having the composition P^O, 
which could be heated to 300° without change. 

Experiment. — By melting a piece of phosphorus under wunn 
water (Fig. 61), and then passing into it a current of oxygen from a 
gas-holder, the phosphorus will take tire and burn brilliantly beneata 
the water. The phosphoric acid produced dissolves in the liqui J ; 
but besides this a red-brown powder is formed, which was formerly 
regarded as hypophospiiorous oxide, but which is now believed to be 
oiily impure red phosphorus. 

§ 3. Arsenic and Antimony. 

Arsenic. — Symbol As. Atomic masii 74*9. Vatence III cuui V. 
Relative density 149*8. Molecular inass 299-6. Mokcular 
volume 2. The mass of 1 liter of arsenic vapor is 13 '44 grants 
(150 criths). 

271. History. — Two sulphides of arsenic occur native, 
one red, the other yellow. The former is mentioned by Aris- 
totle under the' name ffayddpdKTjj and the latter by Dioscor- 
ides under the name ap(TVHx.<h^ from which the name arsenic 
is derived. The metal was first obtained by Schroeder in 
1694, and was more minutely examined by Brandt in 1738. 

272. Occurrence. — Arsenic occurs somewhat abundant- 
ly in nature, both free and combined with other metals, as 
iron, copper, cobalt, nickel, etc. The most abundant sources 
of it are the iron arsenides leuco- and arseno-pyrite. The 
yellow sulphide called orpiment, and the red sulphide, or 
realgar, also occur native. 

273. Preparation. — From mispickel or arsenical pyrites 
arsenic is obtained by heating it in earthen tubes or retorts. 
The arsenic, being volatile, sublimes and condenses in the 
cooler portions of the retort, toward its mouth. In certain 
districts arsenic is obtained by reducing its oxide with char- 
coal ; this method gives it in a purer form. 

274. Properties. — Arsenic is a dark, steel-^ray l)rittle 
solid, with a metallic luster and a specific gravity of 5 to 
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j)'9. It occurs in two, perhaps three, allotrnpic mudilint- 
tiuDfi. BesidiMs the steel-gray variety ", which cryatalliKcs in 
rhiimbohedrous and has t!ie above specitic gravity, there is 
uii amorphous black vitreous variety ;J, ul' specific gravity 
4'71, which at 360° pmwes intu u with considerable evolu- 
tion of heat. Arsenic is volatile iu close vessels at 500°; its 
vapor is orange yellow, and has a peculiar odor resembling 
garlic. Iu the air it gradually oxidizes at conimim tempera- 
tures, and at a red heat it burns with a bluish-white fiamc, 
producing arsenous oxide. Arsenic and all itfi compounds 
are active poiaous. In the arts it is used in pyrotechny, iu 
the manufacture of shot, and as a fly-powder under the name 
of cobalt. 

AIBEMC AND mUROOEN. 

HvDRtKiEN Absenide OR Xbsine.— Formula H^As. Mnlee- 
iilar maes 77'&. MdMiilnr volunie 2. The numt of 1 liter is 

370. Hlfitory. — Hydrogen arsenide was discovered bj' 
Scheele in 1755. 

376. Preparation. — It is always prepared by the action 
of pure zinc upon sulphuric or hydrochloric acid containing 
arsenic, or of Uiese acids in the jwre state upon zinc contaiu- 
, ing arsenic: 

AB,Zn, -h (HCl), = iZnCl,), + (H,MK 

Zt«e anmlde. MydTogen chloride. ZIbc Maride. Ilfiirogtn uifinUlr. 

277. Prop«rtleH. — Arsine i« a colorless gas, with an alli- 
aceous odor and a specific gravity of '21. Cooled to —40" 
it becomes a liquid, which solidifies at —119°, and nielte 
again at — llS-.'j". It is soluble in five times its volume of 
water. It takes fire easily in the air, burning with a bluish- 
white flame, evolving white fumes of arsenous oxide. If 
" a cold surface of porcelain be held iu this flame, metallic 
arsenic is deposited upon it an h dark stain or taohe. Hy- 
drogen arsenide is easily decuiujKuscd when the tube through 
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which it is paesing is heated to redness, a dark mirror-like 
ring of luelallic arsenic being formed just beyond the heaieii 
sptit. The gas is also decomposed when passed into a eohi- 
tion of silver nitrate, forming arsenous acid and pret'ipital- 
ing metallic silver. 

ExpzRiMENT.— MHrah's lest iow nrsenit depeiida upon the produce 
ticii of arsiue whenever araeiiic ia present in any soluble furni in a 
sulutiun in which hydrogen is being evolved. The form of Marsh's 
apparatus employed hy the author is repriwonted in Fig. 62. It con- 
aiata "f a three-necked bottit, through the middle tuhulure of which 
H Huiliel-till* piiss.es for the nupply .if lic)uid, while one of the side 
a siphon tube for withdrawizig the oxliimsted acid, and 




Apparatus. 



the other a delivery lube carrying a bulb filled with cotton, to retain 
impurities mechanically I'arried over with the gas. Next to this bottle 
is a jar containing potaasium hydroxide and calcium chloride 1j) purify 
the pas, which then passes thri'Ugh a long tube of hard ghisB drawn 
out at intervals. Pure zinc in fragnienla is firat put into the three- 
oHcked bottle, and then pure sulphuric acid, previously diluted with 
three parts of water and cooled, is added until this buttle is about one 
third full. After allowing sufficient time for the air to be expelled 
froni the apparatus, the narrow tTihe is heated to dull redtiess by the 
gas flame. If no dark deposit appears beyond the flame in fifteen 
minuUs, the materials may be considered pure. The liquid suspected 
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to contain arsenic — wbitli must be perfuetlj free from all organic 
matter — i^ nuw added tbrough the fuunel-tube. If arsenic be present, 
the flnme of hydrogen burning at the end of tlie tube will, often in a 
few seouiidB, change liolor, becoming whitish, and will depueit a dork 
bniwn metallio spot on the porcelain crucible cover pressed down 
upon it. If the tube be again heated, the arsiiie will be decomposed 
and the arsenic be deposited as a dark nietallic ring. According to 
Wormley jniini °^ a grain of araenous oxide in one liundrad grain 
measures of the stilution may be detected by this teat. 

Hydrogen arsenide is one of the most active poisoDB 
known. It should therefore be experimented upon with 
the greatest eare. 

OXIDE^S AND ACnie OF ARBEailC. 

278. The oxides of arsenic, with their corresponding 
acidfi, are the following: 

a™/^». Aeii/s. 

ArsenouB oxide As,Oj Arsenoua acid HAeO, 

Araenic oiide As,Oj Arsenic acid H^AsO, 

Arsenic Oxide. — Fonnvla AsjO.,. Mulec-iilur moiw 2296. 

279. Preparation and Properties. — Arsenic oxide, oh- 
tained by heating arsenic acid to dull redness, is an opaque, 

white, amorphous, deliquescent niasF, which fuses at a bright 
red heat, and decompose*' into arsenous oxide and oxygen. 
By solution in water it forms afsenlc acid. 

Arsknic Acm. — Fnnmia H.,AsO,, Molewlar nuuw 141-74, 
380. Prfparatftiii and Properties. — Arsenic acid is 
produced by oxidizing arsenoue oxide or acid by nitric acid, 
and evaporating to a syruj). f>n standing, long i'homboJdal 
laminie separate, which contain water of crystallization and 
are deliquescent. At 100° this water is expelled, and needle- 
shaped crystals of the acid Il,AsO, are produced. Its aque- 
ous solution is strongly acid. On hoiting arsenic acid to 
150°, di-iir pyro-arseuic acid, H,Ah/J-, results; and at 200°. 
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another molecule of water is lost and me la - arsenic acid, 
HAbOj, ie obtained. 8alt« corresponding to each of these 
acids have beeu produced. Arsenic acid and its ealts are 
poieonoua, though lees so tlian arseiioui^ eompimuds. 

Absenous Oxide. — FonniUa AsjO^. Moleeviar hmmw 197'68. 

MoUcidar volume 1 (anfmudotis). Relative deitgitif 197 '68. 

281. Occurrence aud Preparation. — Arsenoua oside 
occurs native as the mineral arsenolite. It ie prepared by 
roasting arsenical ores with frt;e access of air, and collecting 
the vapors In partitioned chambers. The tine dust thus ob- 
tained is purified by ivs-sublimation. 

283. Properties. — Arsenoua oxide exists in two, prob- 
ably polymeric, modifications. When condeneied at a tem- 
perature of 400°, it forms a transparent vitreous mass a, of 
specific gravity 3'738. When deposited aloivly at temiiera- 
tures slightly less elevated, this variety crystallizes in right 
rhombic prisms. The second modification, ,S, is obtained by 
condensing the vapor at 200°, in liriUiant transparent octa- 
hedral crystals, of specific gravity 3-689. The same octahe- 
dral form is obtained on cooling a saturated aqueous solu- 
tion. The vitreous or a variety pagges gradually at ordinary 
temperatures, rapidly at 100°, into ^, forming a white opaque 
mass resembling porcelain. Wheu the vitreous variety is dis- 
solved to aaturation in hot hydrochloric acid and left to cool 
slowly, it crystallizes in octahedrons, the formation of each 
crystal being accompanied with a flash of light. Arsenous 
oxide volatilizes at 218°, yielding a vapor whose density is 
198 instead of 99. This would indicate that the vitreous 
modification, which is formed at high tern [leratu res, has the 
molecular formula As.Oj, double that of the octahedral hkhI- 
ification. Both varieties are soluble in water, in hydrochlo- 
ric acid, and in alkaline solutions. Arsenous oxide is a nioi^t 
energetic poison, one or two decigrams being sufficient to 
destroy life. 
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readily recognized by it 



nilar tube h 
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Araenoue oxifle. 







Experiment?. — Arsenous mi 
weight, by its vulaiility, nnd by its i;ryslallin 
graiDE be placed in a aiuall open tube 
(Fig. 63) and heated over a gBH-flanje— 
the upper part of the tube l>eing slightly 
warmed — tlie tiKida will iw volatiiiiied 
and Ihu vapijr will uondenae on the tube 
in a rin^; of brilliant octahedral crys- 
uIg like tbuse \\\ Fig. 04. If in another 

and a little charcoal 
be placed and lieat^ 
ed, ft dark ring uf 
metallic amonic will 
be depusitcd. as 
shown in the flijure. ; 
No other substance 
. CryptalB of but aracnic gives 
these appeNranccB. 

The beet antidote for arnenif is freslily prepared i'erric or ] 
tnagneeic hydrate. 

AHaENOUa Aciu. — Fo<-mida HjAaO,. MuUcuiar ih 

383. Preparatl<m and Pwiperties.— AVhen arsenotu J 

oxide te dissolved in water, an acid, styptic liquid is ob- I 
taiued, which can not be evaponittd without decompositior 
The arsenites in general are naore stable, and include both J 
ortho-arHeuit^H and meta-anieniteH. Fotatsium arsenite is the 1 
chief iugredie tit in Powler'a sQlutiou, used in medicine, andi 
copper arsenite in Paris green, used as a pigment. 



Antimony. — Sijmbol 8b. Atmnk wkw* 119-6. Valenee III | 

amlV. Relatli>edensii.y2Zd-2ai. ifofeti^r iwmh 478-4 (?). 
Molfcular volume 2. Tlu> wmm" i^ 1 liter of aidhiumi/^ttapor it 1 
21 -86 ^raiiw (240 erillut) Ij). 



284. UlHtftry nnd Ovvurrenco 

prepared by Basil Valentine toward 



-Antimony was first I 
e eud of the fifteenth 
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century. It occurs in nature both free and in combination. 
The most abundant source of it is the sulphide, known as 
stibnite ; but it exists in combination with oxygen in the 
minerals valentinite, senarmoutite, and cervantite ; with sil- 
ver, in dyscrasite ; and with silver and sulphur in pyrargy- 
rite and miargyrite. 

285. Preparation and. Properties. — Commercial anti- 
mony is generally produced by acting upon the melted native 
sulphide with iron, producing ferrous sulphide and free anti- 
mony, according to the equation : 

SbA + Fe3 = (FeS)3 + Sb, 

It is also obtained by roasting the sulphide, and then reduc- 
ing the oxide thus obtained, with charcoal. By fusion with 
sodium carbonate and a small quantity of antimonous sul- 
phide, the metal may be obtained pure. 

Antimony is a brilliant bluish-white brittle metal, of spe- 
cific gravity 6*715. It crystallizes in rhombohedrons, isomor- 
phous with arsenic and red phosphorus. A curious allotropic 
variety is obtained by electrolysis, having a specific gravity 
of 5*8, and passing into the ordinary condition when heated 
or struck, with the evolution of great heat. Antimony melts 
at 450°, and at a white heat may be distilled. It tarnishes 
scarcely at all in the air, but takes fire at a red heat, pro- 
ducing antimonous oxide. It is strongly attacked by chlo- 
rine, forming antimonous and antimonic chlorides, SbCl. 
and'SbCl-. Antimony is used largely in the arts as a con- 
stituent of tyi)e-metal. 

COMPOUNDS OF ANTIMONY. 

280. Hydroj?eii An timoiiide <^r Stibine, H,Sb.— 

Whenever an antimony compound is j)resent in a solution 

from which hydrogen is being evolved, an inodorous gas 

, escapes mixed with the hydrogen, causing it to burn with 

a bluish-white flame. This ga« is stibine. It is analogous 
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til arsine, aud is similarly decoiiipoged by heat; but the me- 
tallic de[«)8it of antimouy is easily diHtinguiahed from that 
of arsenic by its darker color, its eujoky appearance, its less 
volatility, it* insolubility in hypochlorites, and its solubility 
in Hnimoniiim sulphide, 

'2H1, Aiittmuiiuiu and Antliiionlc Oxides and Acids. 
Antimonio oxide, SbjOj, is a tasteless, yellowish, insoluble 
powder, of epecilic gravity (>■(}, obtained by heating antimo- 
uic a«id. Antimonio acid is obtained by oxidising anti- 
mony by nitric acid or by treating antimoniu chloride with 
water. Both the ortho-acid, HjHbOj, and the di-meta acid, 
H8bO„ have been obtaiued ; and salts of di-antimonic acid, 
H,Sb,0„ are also known. 

Antimonoua oxide, Sb,0„ occurs native, in two dillerent 
tryslalline forms, as senarmontite and valentinite. It is the 
product of the combustion of antimony in the air, and is 
then crystalline ; by pouring antiraonous chloride into a boil- 
ing aolution of sodium carbonate it is obtained as a dirty-, 
white powder, which becomee yellow when heated. Anti- 
monoue acid, H8bO., is a feeble acid, forming easily de- 
comjjoHabJe salts. It actn also a» a base, SbO or antimonyl 
acting' an a radiciil. Thus tartar-emetic is C,H,Oj j OigbO) 
potassiu-antimonyl tartrate. 

S8S. AiitimutKnis and Antimonic Suljihidea and 
Sulph-acida. — Antimonic Bulphide. ^b^Sg, Ib obtained as 
a yellowish-red powder by th« action of hydrogen sulphide 
upon a solution of the chloriic in tartaric acid, or by acidi- 
fying a dilution of an alkaline eulph-antimonate. It unices 
readily with sulphides of jjonilive eleiuents, forming sulph- 
aniimonates. having the general formula M,SbS, ; of which 
sodium sulph-antinionate, Na^SbS,, 9 aq. ^sometimes called 
Schlippe'e mU^ — is an example. 

AntimonouB sulphide, Shjri,, exists native as stibnite, as 
above tttated. It hn» a steel-gray color, a specific gravity 
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uf 4'.i, aud a. strong metallic kister. It crystalJizea iu ortho- 
rhombic prisms. It ie thrown down liy hydrogen sulphide 
from antimouous solutions as a bright urange-red precipitate, 
which contains water. On fusion it becomes steel-gray. The 
sulph-antimoniten, which it forms by union with poBitive sul- 
phides, aie largely represented among minerals; pyrargyrite 
Ag'jSbSj, and boulangerite Pb"j(Sb8j,)„ being ortho-sulph- 
antiraonites ; raiargyrite Ag'SbS,, and berthierite Fe"(8b8j)j 
being meta-sulph-antimonites ; aud jametjonite Pb",Sb,Sj, and 
bronguiardite (PbAg)"^Sb,f^5 being di- or para-eulph-antimo- 
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gravity <if mliJ 9-83. Fiiaes ut 264°. 

380. History. — Bismuth was first distinctly refogtiiKeil 
by Basil Valentine iu the fiflfeulh ueutury. Agricola, iu 
lo29, calls it Biscmutuni, ami Paracelsus mentions it as 
Wisemat. It was for a long time confounded with other 
metals, especially with lead, tin, and antimony. Pott, in 
1739, first described its cbaraeterietic reactions. 

290. Oecurreuce and Preparation. — Bismuth occurs 
in the metallic state in veins traversing gneiss, clay-slate, 
and other cryRtalliue rocks, principally in Saxony and Bohe- 
mia. It occurs also an oxide, forming the mineral bismitc ; 
as sulphide, or bismuthinit« ; as sulpho-telluride, or tetrady- 
mite; and as carbonate, or bismutite. It is prepared on the 
large scale in the art« from the native bismuth by placing 
this, mixed with the rocky gangue, in iron tubes, slightly 
inclined, which are heated in a furnace. The bismuth melts 
and fiows ont at the lower ends of the tubes into suitable 
vesseU, from which it is ladled into moulds. The bismuth 
of commerce contains arsenic, iron, and other metaU, from 
which it may be freed by fusion with potassium nitrate, by 
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ivliich these metals are osicUzed. Chemically pure bismuth 
may be obtained by redufing the basic uitrate by charcoal. 

291. Properties. — Bismutlj is a hard, brittle, brilliant 
reddiah-white metal. It is powerfully dia-magnetic, and has 
a strong tendency to cryatallize when conled from fusion ; 
by melting a considei-able quantity of it, allowing it to cool 
until a crust forms on the surface, piercing this and pour- 
ing out the metal which still remains fluid, crystals of great 
size and beauty may be obtained. They are rhombohedrone, 
though on account of the large interfacial angle, 87° 40', 
they have often been mistaken tor cubes, in which this angle 
is 90°, Owing to a slight superficial oxidation, these erys- 
taJs, as usually obtained, are beautifully iridescent. Bismuth 
has a specific gravity of JJ'SS ; it melts at 264°, and exjiaiids 
one thirty-second of its bulk od solidifying. It may be dis- 
tiUcd at a white heat. It is unaltered in dry air, but is tar- 
nished in presence of moisture. Strongly heated, it takes 
fire, burning with a bluish-white flame, and forming biumu- 
thous oxide. Chlorine and nitric acid attack it readily, but 
hydrochloric and sulphuric acids, when cold, have no action 

Bismuth is used in the arts for forming alloys. RoBe's 
fusible metal is comp'tsed of one part of lead, one of tin, and 
two of bismuth; it melts at 94°, liipowitz's fusible metal 
contains three parts of cadmium, four of tin, eight of lead, 
and fifteen of bismuth; it melts at 60°. An alloy of lead 
and bismuth is used in the so-called permanent metallic 
pencils. 

coMPorNne of BieMnrn. 

293. Blsniutlious Chloride. BiCl,.— This chloride may 
he formed by the direct action of chlorine upon bismuth. 
It is a white, granular, deliquescent substance, fusible at 
230" and volatile at 435°. By contact with water it is de- 
composed, forming bJemuthyl chloride, (BiO)CI, sometimes 
called bismuth oxycbtoride. 
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293. BUmuthic Oxide, BiA-— Bismuthii; usidc is i.li- 
tained by heating its hydrate tu 130°, It id a brown powder, 
which gives up a part of its oxygen readily. Its hydrate, 
called blsrautMo acid, HBiO,, may be prepared by oxidiz- 
ing bierniithouH hydrate, suspended in water, by a current 
of chlorine. It is a bright red powder, which losee oxygen 
a little above 100°. Its salts are called bisnauthates ; po- 
tasfiium bismuthate, KBiO^, and biamuthous bismuthate, 
Bi"'Bi''0„ are examples. 

204. BlBmathouH 0\ide, BLjOj, — This oxide occurs 
native as bismite. It may be formed by burning the metal 
in air, or by igniting the hydrate, carbonate, or nitrate. It 
is a pale-yellow powder, of specific gravity 8'2, whicli melts 
at a red heat, and is insoluble In water. It has been ob- 
tained in ortho- rhombic prisms, BlBmuthouB hydrate, 
HjBiOj, iH obtained by treating a bismiithous salt, as the 
chloride, for example, with potassium hydrate. A white, 
flocculent precipitate is thrown down, which on drying loses 
water and becomes an amorphous white powder, HBiO,. 
With strong bases this body acts like an acid, sodium bis- 
muthite, NaBiO,, being one of its salte. But. with strong 
acids, on the other hand, this hydrate is strongly basic, the 
nitrate, Bi(NOj)„ the aulpha-te, Bi^tSO.),, the carbonate, 
Bi/COj,, and the pbosphato, BiPO,, being well-known 
compounds. By pDUring the nitrate into a large quantity 
of water, the mono -m eta -nitrate, BiNO., is produced. 

Bismutbous sulphide, Bi.j8^, occurs native as biamuthin- 
it(^. It is Dbtaioed as a black precipitate, on adding hydro- 
gen sulphide to solutions of bismuth ; but, unlike the sul- 
phides of arsenic and antimony, it is not soluble in solutions 
of the alkali sulphides. It forme with metallic sulphides 
salts called sulpho-bismuthitee, some of which, as that of 
lead or kobelHte, Pb",(Bi8.,)j, and those of copper, called 
emplectite, Cu'YBiS,),, and wittichenite, Cu"j(BiS,}„ occur 
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§ 5. Relations of the Nitrogen Group. 

295. The members of the nitrogren grroup have close 
relations, both physically and chemically, with each other. 
From nitrogen to bismuth they increase in density and in 
atomic mass, while their chemical activity decreases in the 
same order. The last four are iso-dimorphous ; that is, they 
all have two crystal-forms, which are the same for each sub- 
stance. A comparison of their compounds will show how 
closely they are allied chemically : 

Triad Compounds. 

Hydi-iden. Chlorides. Oxides. Sulphides. 

N HgN NCI3 N.O^ 

P H3P PCI, P,03 P,S, 

As HjAs AsClg AsgOj As^S^ 

Sb HjSb SbClg S\0., Sb^S, 

Bi BiCls Blfi.^ Bi^Sa 

Pentad Compounds. 

Chloridts. Oxides. Sulphides. 

N N,0, 

P PCI, P,05 P,S, 

As AsCl., AsA As^S- 

8b SbCl, ' Sb^Oj Sb^S. 

Bi BijO^ 
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EXERCISES. 
§1- 

1. In what ways may nitrogen be prepared? 

2. The mass of a given volume of oxygen is thirty grams ; what 
is the mass of the same volume of nitrogen ? 

3. What mass of oxygen does a cubic meter of air contain? 

4. What are the proofs that air is merely a mixture? 

5. What volume of air is required to yield six kilograms of oxygen ? 

6. At what temperature has air the density of H at 0°? 

7. What mass of nitrogen does ten grams of ammonia contain ? 

8. A liter of water is to be saturated with ammonia-gas at 0°; how 
many grams of (NHJCl and of CaO must be used in the process? 

9. What volume of HgN at 15° will a kilogram of NH^Cl yield? 

10. 250 cubic centimeters ammonia decomposed by el<3ctric sparks 
gives what volume of mixed gases? If 200 cubic centimeters of oxy- 
gen be added and exploded, what will be the composition of tlie 
remaining gas? 

11. What volume of NH3 will neutralize a liter of HCl? 

12. How much nitric acid may be obtained from a kilogram KNO.^ 
by the laboratory process ? How much by the commercial ? 

13. To neutralize ten grams MgO requires how many cubic centi- 
meters of nitric acid of specific gravity 1*42? (Acid contains 70 per 
cent of HNO3,) 

14. Write the graphic formula of nitrogen tetr-oxide? 

15. A kilogram of copper gives what volume of N2O2? 

16. One liter of N2O2 requires what volume of oxygen to make 

17. How many cubic centimeters of O and of N in one liter of 
nitrogen di-oxide? 

18. Fifteen grams ammonium nitrate yield what volume of N.^O? 

19. What volume of H will one gram of NgO burn? One liter? 

20. One cubic centimeter of liquefied NjO requires what mass of 
(NHJNO,? 

§2. 

21. Give the chemical stages in making phosphorus. 

22. One hundred kilograms of bone-ash, 80 per cent calcium phos- 
phate, yield how many kilograms of phosphorus? 
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28. How do common and allotropic phosphorus differ ? 

24. One liter of phosphine contains what volume of P vapor? 

25. What vblume of air is required to burn ten grams of P? 

26. If dissolved in boiling water, how much phosphoric acid would 
the above product yield ? 

§ 3. 

27. Give the preparation and properties of metallic arsenic. 

28. Describe Marsh's test. What is the limit of its delicacy? 

29. At a certain temperature the mass of 100 liters of hydrogen is 
four grams; what will be the mass of this volume of As vapor at the 
same temperature? 

30. H3A8 contains '^hat volume of H? How much air is required 
to burn it ? 

81. Calculate the percentage of antimony in antimonous sulphide. 

82. How is stibine distinguished from arsine? 

33. Give the formulas of the common antimony compounds. 
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CHAPTER FIFTH. 

NEGATIVE TETRADS. 

§ 1. Carbon. 

Sipnbol C. Atomic mafiH 11*97. Valence Jl and IV. Relative 
ilermty 12 (?). Molecular vmss 28*94 (?). Molecular vol- 
ume 2. The mass of 1 liter of carbon-^vapor is 1 '075 grams 
(12 erOhs) (?). 

296. Occurrence. — Carbon occurs native in two allo- 
tropic forms, known as the diamond and as graphite. Also 
more or less impure, in the various forms of mineral coal. 
Combined with hydrogen, it occurs in bitumen and petro- 
leum ; with oxygen, it exists in the air ; and with oxygen 
and calcium it forms limestone, a very abundant rock, of 
which twelve per cent is carbon. It is an essential constit- 
uent too of all animal and vegetable tissues. 

297. Properties. — I. As Diamond. — The form of carbon 
known as the diamond is a brilliant, transparent, and gen- 
erally colorless solid, having a specific gravity of 3*5, and 
crystallizing in forms belonging to the isometric system (Fig. 
65), the faces being often rounded. It does not conduct heat 
or electricity, and lias a very high refractive and dispersive 
power. It is the hardest form of matter known. Heated to 
a high temperature, it is converted into a black mass resem- 
bling graphite. Lavoisier established its composition in 
1776 by burning it in oxygen. 

The diamond occurs generally in the form of small rounded 
pebbles in alluvial detritus produced by the disintegration 
of ancient rocks, from which it is obtained by washing. The 
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chief localities are India, Burneo, South Africa, and Brazil ; 
though a few diamonds have beea found in Georgia and 
North Carolina in this country. It If cut for a gem int<» 




forms having a relation to its directions of cleavage — known 
as the hriUiant, the rose, and the table — by means of dia- 
mond dust. 

II. An GRiVphite. — The seeoud form of carbon, known 
aw graphite, is a triable, leaden-gray miUd, unctuocB to the 
touch, of specific gravity 2 l*> 2-2, and crys- 
tuliizes in hexagonal plnte-« I Fig- 66). It 
has a semi-metallic luster, conducte heat 
and electricity readily, and if combustible 
with difficulty, leaving generally a few per 
cents of a!<h. It \» soluble in melted iron, 
from which it crystallineK on ciioling. Ni- 
tric acid mixed with potawiiini chhiratc, 
when heated, oxidizep graphite to graph- 
. itic acid. 

(rraphit« occurs both foliated and massive, in metamor- 
jihic rocIcK, in Enpland, Siberia, and t'eylon, and in various 
localities in the Uniteil States; as .Sturbridge, Mass., Ticon- 
<toroga, N. Y., Hrandim, Vt., Wake, N. C'., etc. It is puri- 
fied by Brodie'B jirocewi, liy treating it with potassium chlo- 
rate and nitric acid ; and is, after drying, condensed to a 
solid block by hydrostatic preiwure. It is largely used for 
making pencils — the name grnphitc coming from y/Mfia, I 
write — ami also for crucibles, 
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III. Ab MiNEEAi. Coal. — ^The purest variety of carbon in 
tite form of mineral coal is that known as anthracite. It is 
an amorphous, hard, lustrous, lilack Kolid, difficultly combus- 
lible, and cousisting of j'rom 80 to 94 per oent carbon. lu 
specific gravity varies from 1-3 to 1'7. From this there is 
a regular gradation through canuel and l)ituminous coals 
of all varieties, to lignite or hrowu coal, which in «ime cases 
is scarcely altered wood. All coal is derived from primitive 
vegetation, changed and consolidated by heat and pressure. 
Anthracite coals are found where the strata have been most 
heated or disturbed, bituminous where they remain nearly or 
quite horizontal ; while brown coal or lignite is more recent 
in age, being- generally tertiary. 

Other varieties of more or less pure carbon are: gaa- 
oarbon or plunibagine, depoaited in the cast-iron retorts in 
which coal-gas is made; a hard, compact, mammillated va- 
riety, being almost metallic in appearance, and conducting 
both heat and electricity. Specific gravity 1-76. Te^eta- 
Tale ooal or charcoal, prepared on the large scale by burning 
wood in heaps, a» ^hown iu Fiir ^'~ and fur special purposes, 




Fig tl Ii lerlor it C hairoal Heap, 

in iron cylinders ; a bluish black porous aubetauce, retaining 
minutely the form of the original wood, and having a spe- 
cific gravity of 1 T Animal ooal or bone-black, obtained 
by igniting bones in tlose M«.ielrt; also a black porous mass, 
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mntaming 90 per t-ent of calcium phosphate. And lamp- 
black, or Boot, prepared by isolietiting tlie matters condensed 
rn>m the smoke of highly carbonized bodies, euoh ae pitch 
and tar, in stone chambere ; a soft, finely divided, and very 
impure form of carbon, used in printing-ink and as a pig- 
ment. It always contains more or less hydrogen. 

In all its forms, carbon is infusible and non-vnlatile. As 
vegetable and animal coal, owing to its very great porosity — 
a single cubic centimeter of box-wood charcoal exjwsing a 
surface of more than four square meters— cjirboii exhibits u 
remarkable power of absorbing gases. Thus, box-wood char- 
coal will absorb 90 volumes of ammonia gas, and that made 
from the shell of the cocoanut, 171 volumes. From this fact 
— t. f., that charcoal tarries within it a condensed mass of 
the oxygen of the air m which it cooled- — it acts as an euer- 
getic dismiectant bj oxidizing foul vapors. For the same 
reason anunal charcoal is largely used as a decolorizing agent, 
particularly in refining sugar. It has been proposed for fill- 
ing respirators, which are placed over 



the n 
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nth to absorb noxious gases. 
Charcoal Altera are 
also in use. 

EXPKRIUBNTS. — Tlie 
jjijwerful absorption iif 
Hmmonia gas by cliwr- 
eoal may Im shown by 
ailing a i-jliiider ovm 
tnarcury with the dry 
gus (Pig. eg), sna tbuii 
intruducltig intu tl ii 



Flu. W, .^bmrp- PIBCR of euc-oMUUt cliB 
""" b'al^l' ''*' '^™''' pwvidusly henled ^^^ 
til rudiiees in atuid, nnd 
nllowed [(I cuoi away from the air. t'bii nriiit 
absorbed by the oharco»l, and the meteury will 
To show the deoolorizin,!; property of cbari-ni 
dilute BulutliiiiH of indig<i, coi^biiiviil. iodide of i 
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permanganate. Agitate each solution witli recently ignited bone- 
'dlack, and throw each upun a aeparute fillur (Pig. 69). The liquors 
as they run from the Tutinels will l>e ciolorlesa. If beer or ale be Ihiu 
treated, it will luse iiul only its color, but also its bitter taste. 

Carbou ia apparently uualterable in the air at ordinary 
ti'raperaturea. Charred piles driven by the Britons to pre- 
vent Juliua CsBsar from troBeiag the Thames, and wheat 
charred nearly 2,000 years ago at Hereulaneura, are yet 
unchanged. When healed in the air, it burns, forming the 
di-oxide. Heated with sulphur, or used t<) give the electric 
arc in hydrogen, it unites directly with these substances, 
forming carbon disulphide and acetylene. 



CARBON AND HYUHOGEN. 

298. HrdrocarboiiH. — The compounds 



of . 



irbon I 



I 



hydrogen — called hydrocarbons — are very numerous, and 
are usually classified in series. Most of them are more sat- 
isfactorily considered in Organic Chemistry, Only three of 
them will therefore be described here. These are hydrogen 
carbide, H,C, hydrogen di-carbitle, H,Cj, and di-hydrogeu 
di-carbide H,C,. 
Hydrogen Carbide, or Methasb. — Formula H,C. Jifofec- 

«iui' maM 15'97, Mokcidai- vohmte 2. Relative ikimly 8. 

The vum »/ one liter w 0'71t> 

(fraiiM (8 criihi). 

399. Occurrence. — Meth- 
ane occurs free in nature, being 
produced somewhat abundantly 
by the decomposition of vegeta- 
ble matter confined under wa- 
ter. It constitutes 75 per cent 
of the gas which rises when the 
bottom of a pond covered with 
vegetable matter is stirred will: 
called marsh-gas. It often escapes from seams in con! n 




Fig. TO. CollMtioii of Mirah-Bas. 

1 Stick, whence it is often 
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and constitutes the fire-damp of miners. It often occurs 
largely in the vicinity of aalt-wells, as in Kanawha, West 
Virginia. It coDstitnteH nearly the whole of the so-called 
Daturiil gas which ha« come m extensively into u^e in some 
of ihe western cities for purposes of heating and lighting. 

300, Preparation. — Marah-gas may be obtained by fill- 
iog a bottle with water, attachiug a funnel to its mouth by 
a string, as shown in Fig. 70, and inverting it in a pond so 
as to catcb the bubbles which rise on stirring the mud at the 
bottom. By agitating it with a little lime-water, it may be 
purified for experiment. 

Methane may be also prtKrured by heating potassium ace- 
tate in presence of a strong baee, usually potassium or sodium 
hydroxide. The reaction which takes place is as follows ; 

Sodium aatalc. Sodium Xgdraclde. Sodium farU/iiate. HeUianc. 

ExPERiMiCHT. — For llie preparation of metbane, two ports crys- 
t&llixed «idiuni ucetute, two parts sodium hydroxide, and tbree parts 



H.C 




PrepamtTon of Hrdrogen larblde- 



powdered quick-liiiiB are intinialely uii!:i!d tiigetber and lioated i 
a thin popper or iron flask to bright rednoea (Fig. 71). The limn i 
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used to prevent the fusion of the mass. The gas is rapidly evolved, 
and may be collected over water. 

301. Properties. — Hydrogen carbide is a colorless, odor- 
less, and tasteless gas, and is but slightly soluble in water. 
Its critical temperature is — 81*8° and critical pressure 54*9 
atmospheres. Reducing the pressure to one atmosphere, the 
temperature of the liquid sinks to —164°, which is therefore 
its boiling point. At this temperature the liquid methane 
has a density of 0*415. It is the lightest gas next to hy- 
drogen, its specific gravity being 0*5576. It is combustible, 
burning in the air with a pale, faintly luminous flame. By 
passing electric sparks through the gas, it is decomposed, 
and yields twice its volume of hydrogen. It forms an ex- 
plosive mixture with two volumes of oxygen or ten volumes 
of air, and is the cause of the serious coal-mine explosions 
which sometimes happen in coal districts. By the action of 
chlorine, its hydrogen is gradually replaced by this element, 
forming successively the compounds CHgCl, CHjCl.^, CHCl,, 
andCCl,. 

Methane constitutes the first member of a homologous 
series of hydrocarbons known as the marsh-gas series, the 

successive members increasing uniformly 
by CH.,. They are all saturated substances, 
having the general formula C„H2n+2 ; ^. ^^ 
they contain twice as many atoms of hy- 
drogen as of carbon, plus two. They con- 
stitute the essential portion of the various 
native petroleums. The second member of 
the series is ethane, C^Hg, or H.jC— CH,. 

Experiment. — The levity and inflammabil- 

Fig. 72. Combustibility ity of this i'as may be shown, as in the case of 
of Marsh-gas. , *^, i? • . ^ • ^'\^ a . 

hydrogen, by introducing a lighted taper into a 

jar of it, held mouth downward. The gas will burn at the mouth 
of the jar, and the candle-flame, as it passes up into it, will be extin- 
guished. 
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Hydrogen Di-cabbide or Ethylene. — Fonnula H,C„ 
H,C= CH,. ' MokctUar nttww 27'94. Molecular imlume 2. ] 
Relative deDit'dy 13'97. IVie akum of one liter w 1'25 ^raniitl 
(14 cntfM). 
303. History.— Kthyleue wan diBcavered in 179iJ by four 

Dutoh chemit^t.*, Deiman, Fasts van Troostwyk, Bondt, 

jmd Lauwerenburgh. It hiw been fuiind iu small quantity 

among the gat^e^ of coul-miucg. 

303. Preparation. — It in usually prepartd by the action | 
of sulphuric acid upon alcohol, a<!L'onIiDg to the reaction : 

C,H.O = H,a + lip 

This equation exhibits only the final result ; the chemical j 
change iteell' is evidently more complicated. 

ExPKKlMKNTB.— To prepare ethylene, oiia vuluiiie iif akohul and'| 
four volumes af BuIpijuHc nvU\ nrc niiied in a flaek witli ami 
thick pii£te, and gentty heateil. The eatid lit added tu prevent fvutli- 3 
ing towurd the end. The gas may be purified by passing it tlirouisb ■! 
milk nf lime tn remiive KUlphuroua oxide, and through strung suU 
phuric Bcid to retniri the vapcjrs of ether and aluohoi. 

Mitsclierlieh's ciintinuous pmeeae ponsists in passing tlje capor in 
80 per cent alcobol (hnmgb boiling dilute sulphurie afld — three parts.; 
of water t'> ten iit acid, 

304. Properties. — Hydrogen di-carbide ie a colorleee, 1 
irrespirable gas, having usually an ethereal odor, lla spe- 
cific gravity is O-yjS. The critical temperature of ethylene ] 
is 10'1°, and it* critical pressure 51 atmospheres. Undi 
760 millimeters prc-i^ure its temperature is —103°, which \ 
ia therefore its boiling point. At 9'8 millimet^ni pressure I 
it« evaporation protluces a temiicraliirc of —150-4°. Henc« ] 
liquid ethylene is lunch used t<> produce cold in the liquefac- 1 
tion of gases. It is soluble in about eight times it*" volui 
of water. It is readily combustible, burning in the air with 1 
a brilliant white flame, evolving much smoke. Mixed with I 
thi'eevoluniei' of oxygen, it exjil odes violently on the approach J 
of a Same. It is decomposed by the electric spurk, the carbon^ J 
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being deposited, and twice ite Tolume of hydrogen remaining. 
It is an unsaturated substance, and unites directly with an 
e()ual volume of chlorine, forming an oily liquid, ethylene 
^^^ chloride, C^H.Clj. From this feet the gas 

^fl^ received from its discoverei's the name 

I II " defiant gae," and the liquid was called 

^1 the " oil of the Dutch chemists." 

A. 



Experiment. — To show the diret^t uniun of 
ethjlene and chlorine, fill a glaes cylinder half 
full of ehlorine over tlie imter-uisttrn, and then 
add rapidly an equsl volume of oleflaiit gHfl. The 



gnseous □ 



e will at once begin to diminish 



n volume (Fig. 78), oily drops will collect upiin 
FiK, 7S. FormB.tion of the walls of Iho vessel, and, sinking through the 
liquid, form u layer upon the bottom of the con- 
taining ciBtem. Bj pouring off the water and agitating with sodium 
tHrbonate golutiun, the uthj'lene chloride may be purified and its agree- 
able, chloroform-like udor obtained. 

Di-HYDROGEK Dt-CAKBiDE OR AcETYLENE. — Formula HjCj 
or HChCH. MoUciiiar mews 25'94. Molecular volume 2, 
Rdcdive dendty 12-97. The mews of one liter is 1-16 yrama 
(13 criihi). 

305. History and PreiMTation. — Acetylene was dis- 
covered by B. Davy in 1836, and studied hy Berthelot in 
1860. It may he prepared by the direct union of its constitr 
uents. When the carb()n pointa terminatinjj; the electrodes 
of a powerful voltaic battery nr dynaiuo-machine are brought 
together in an atmosphere of hydrogen, the carbon and hy- 
drogen combine at the elevated temperature produced and 
form acetylene. It is also a product of the action of heat 
upon substances rich in carbim and hydrogen, and is always 
formed in the imperfect combuBtion of hydrocarbon com- 
pounds, such a£ coal-gas. 

306. Properties. — Acetylene is a colorless gas, having 
a peculiar and disagreeable odor, and is condensable to a 
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litjuid under a pressure of ti8 atiw^pheres at 37°, ite critical 
temperature. It has a. specifiL' gravity of 0-92, is quite solu- 
ble in water, and burns with a bright but very smoky flame. 
It is readily absorbed by ammoniacal cuprous chloride, form- 
ing a red precipitate of cuprous acetylide, which is explosive. 
This explosive body is sometimes formed in brass gas-pipes 
by the action upon them of the acetylene in coal-gas, and 
has been the cause of fatal accidente. It unites directly with 
the faalogeng, the compounds of chlorine with it, for example, 
being C^Cl, and C,H,C1.. 

UiUMINATENU GAS. 

307. History. —The production of a combustible gaa 
from coal was first ol>served by Clayton in 1664 ; but it was 
not until 1792 that Uurdock made gas-illumination a prac- 
tical Success. In 1798 he lighted in this way Boulton and 
Watt's works at Hobo, near Birmingham. The streets of Lop- 
don were first lighted with gas in 1812. Gas was introduced 
into Paris in 1815. 

308. PrepMratioii.^ — IHuininating gas is ordinarily pre- 
pared by distilling bituminous coal at a high temperature ; 
although various other eubstani-es, such as oil, rosin, wood, 
and petroleum have also been employed for its preparation. 
The complete apparatus for the manufacture, purification, 
and collection of coal-gas is represented in Fig. 74. The coal 
is placed in semi^iylindrical iron retorts, 0, set in a furnace 
shown ujwn the right, their mouths being closed by hea\-j- 
plates. Usually five retorts are heated by the same fire, 
forming what is technically called a " bench." The products 
of the distillation pass from the retorts through a tube near 
its mouth, up into a larger horizontal tube, B, called ihe 
hydraulic main, where the tar and a portion of the water 
are condensed to liiiuids ; the gas then passes on, first through 
a series of vertical pipes, D, and then through the cokc-bos 

"scrubber" O, by which it la still furtlier cooled and tbe 
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condeDsahlc viipore «')iaraLe<i. It then enWrs the purifier, 
M, a large metallic box containing, ou siielvea for the pur- 
pose, either dry slaked litDe or, what is preferable, ferric hy- 
drate, either alone or mixed with liine and eawduet. From 
this it issues, freed from most of its impurities, particularly 
sulphur compounds and carbon di-oxide, and in collected in 
the adjoining gasometer, G, for distribution. 

ExPBRlHBNT.^Tlie niaimfuctuw of t'cMll-giis may be iHuatrated on 
tlie iBfture-toble by the apparatus sli own in Fig. 75. The eoal is plarecl 
in tlifi retiirt upon the right, which is then heated hy the gns-bumer. 
The water and vulntile liquid produets coiidpnue in the reueivor, while 
the gus piiBsea on to the Bret XJ-tube, in one limb of which a piece of 
red litmua-paper is placed— In detect smnionia — and in the other a 




H Btrip of pnper nioiatened witli a siilution of lead HL-etato^tu deteet 
hydrogen sulphide — and then to the aecond, the bend of which con- 
tains iima-wiiter— which indicate*, "by hecuming milky, the presence 
of carbon di-oxide — and is finally collected over wuter in the cupped 
receiver. By depressing this receiver in the water, and opening the 
cock, the gas may be lighted as it issues from the jet. 

309. Composition and Prtipertles. — Coal-gas is a mix- 
ture of several gaseous products which vary according t(j the 
ijuality of coal used, the temperature at wliich it is distilled, 
etc., but which consist essentially of hydrogen and methane 
(marsb-gas) mised with variable proportions of ethylene, 
acetylene, carb<in monoxide and di-oxide, butyiene, nitro- 
gen, oxygen, and hydrogen sulphide. The amount of gas 
obtained varies, with different coals, from 8,000 to 15,000 
cubic teet to the ton. Coal-gae hits a specific gravity vary- 
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ing from 0-65 to 0-34. T!ie illuiiiinatiuj.' power of a gas is 
determmed by an inBtrument culled a photometer, in which 
the amount of light given by the gas, burning from a jet at 
the rate of five cubic feet per hour, is compared with that 
emitted by a Htandard candle burning 120 grains of sperma- 
ceti in the same time. A gas may rise in illuminating power 
to 25 or 30 candles ; but the average supplied in our eities 
is 16 candles. By heating tlie gas before it is burned, Sie- 
mens showed that five feet of gaH may be made to give a light 
of 40 to 50 candles. 

The collateral products of the coal-gas manufacture are in 
general, two ; the ammoniacal liquors and the gae-tar. The 
former consists of the condensed water, holding in solution 
the ammonia produced from the nitrogenous matters in the 
coal ; the latter is a complex substance, containing in its 
lighter portions certain volatile liquids as benzene and tolu- 
ene, and certain volatile alkaline bases as aniline and chino- 
line; and in its heavier, certain phenols as phenol proper 
(carbolic acid) and cresol, and certain solid hydrocarbons as 
naphthalene and anthracene. 

CARBON ANB OXYGEN. 

Caebon Di-oxide. — Formula CO^. Mokcular mem 43-8i). 

Moteculur volttTne 2. Relative denmly 21 ■94. The mos*! of 

one liter w 1 '977 gra-ms (22 eriihs). 

310. History. — Carbon di-oxide was the first gas distin- 
guished from air. It was noticed as a distinct substance by 
Paracelsus in 1520 ; and soon after Vaji Helmont obtaineil 
it from limestone— whence he called it chalky air — and no- 
ticed its production in the fermentation of sugar and in the 
burning of charcoal, and its occurrence naturally. Black 
showed in 1757 that alkalies absorbed it and that its com- 
pounds efiervesced with acids. Lavoisier in 177-t deter- 
mined its composition synthetically by burning carbon in 
oxygen. 
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311. Otourrence, — Carbon di-oxide exists in the air to 
the extent of about 0'04 per cent, being produced by com- 
bustion, fermentation, respiration, etc. In volcanic districts 
it ifl more abuudant, the large quantity of it oft«n eoLected in 
low places frequently proving fatal to life. Combined with 
calcium oxide or lime, it exists in enormous quantity in lime- 

313. Preparation. ^Carbon di-oxide may be prepared 
by direct Byuthesis. It ie always the product of the com- 
buetion of carbon in air or in oxygen : 

C -I- 0, = CO, 
It is generally obtained, however, by the action of an acid 
.upon eome carbonate, as that of sodium or of calcium : 
CaCO, -I- (HNO,-J, = Ca"(NO,), ->- H,0 ^- CO, 
It is produced in large quantities in burning limestone for 
the production of quicklime : 

CaCO, = CaO + CO, 

IxPKRiMKNTS. — All carbdiiiites efferveaee with acida fronj tlie Bet- 
ting free of carbon di-uiide gaa. If some fragmenta of marble be 
placeil in the lent-glESs (Fig. 76), and eome Lydrochlo- 
ric acid be added, a brisk eServescence will laVe place 
from the escape of this gaa. In oriJe ti celled it the 
expsriment nmj be repeated in the bo 

(Pig. 77), the acid being poured in tl g 
lohe upon the marble, previously ro w 

The gas may be collected over wute p 

ment. ae it is denser than air. 

313. PropertleB, — Carbon di-oxide is a col 
orless gas with a slightly pungent odor and acid 
taste. It 19 denser than air, its specific gravity being 1'524. 
At the ordinary temperature and pressure, water dissolves il» 
own volume of this gas. As the pressure increases, the tem- 
perature remaining the same, another volume is absorbed 
fur each atmosphere added ; but as the gas is condensed in 
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the name ratiu, ai;cijrdmg ti) Marriotte's law, it lollow§ that 
the volume of the gas diesolved hy water is the same at all 
pressures, while the inaBs is directly proportional to the press- 
ure. Subjected to a pressure of 38-5 atmospheres at 0°, 
it condenses to a colorlese limpid liquid, of specific gravity 
0-923 at 0°, 0-868 at 10°, and 0-782 at 20°. Its critical 
temperature is SQ-9° and its critical pressure is 73-6 atmos- 
pheres. Cooled to — 65°, the liquid solidifies t« a transpar- 
ent mass like ice. Since the pressure at this temperature 
is S-.'i atmospheres, liquid carbon di-oxide can not exist at a 
less pressure. Under atni<iM))heric pressure it becomes a gas 
or a soliti. When therefore 
a fine stream of the lique- 
fied gas is allowed to es- 
cape into the air, the rapid 
evaporation of one portion 
freezes another, producing 
a snow-white, flocculent 
mass, which may be formed 
into balls like snow, and 
which disappears with 
great slowness, produciug 
. ' a temperature of —78°. 

Moistened with ether and placed in the vacuum of an air- 
pump, a temperature of — 140° may be obtained. Carbon 
di-oxide extinguishes the combustion of burning bodies 
placed in it and is fatal to animal life, though less actively 
than was formerly supposed. Diluted lai^ely with air it 
exerts a nareotic action, and lias been proposed as an ames- 
thetic. Fatal effect,'* have resulted from entering wells, fer- 
menting vats, aud other places iu which this gas has accu- 
mulated. Before going intr) pueh a place, a lighted candle 
should be lowered into it ; if it is extinguished, the place is 
unsafe. This gas constitutes the wi-calJed " choke-damp " and 
"after-damp" frequently fount! iu eoiil-mines. 




LIQUEFACTinS OF CABHOX mOXWE. 

iMENTH.— Carboii ilj-i'xide iiiiij he poTidenspd tn i 

using tha sppamlus either iif Thilorier, in which ibt gus, ::(« 

30-9°, 13 liquefied bj its own pressure; 

or of Natterer, in which the pressure 

is produced mechaTiicuIly, Fig. 78 

represBnts Biancbi's jnodiflcation of 

Nalterer's condensing pump. The 

piston is siilid and is worked by a 

crank and Uy-wheel, as shown in 

the flgure. The receiver nt tho top 

of the pump-barrel is made of benvy 
. ciuiiiuii-metal, aiid hoii a tiglit valve 
' below, and a serew-plug above, hy 

Wbicb tbe liquefied gua may be drawn 
I ofi*. The tube leading tu the puuip 

aervoH to convey tba dry carbon di- 
oxide; as the pump is worked, tlie 
' pressure in the roi'eivur increHsos till 
' it reacbea 88-& utniuapberes — tbe re- 
r being surrounded with ice — 

when eai^h udditiouai stroke of the 

pump liqueflus llie gas which it toroes 
I iuh> it. In Ibis wuy half a kilngnim 

i>f liquid ciirboti di-oside may !« ob- 
I tained in a short time. The receiver ^ 
r ii> Ab u removed from tbe ))uiiip mid 

9 iillownd to escape 





prepared, it 19 ui>ed to 

ity niiiybe sbown bv balai 



peculiarly consli 
ojlindrical box of melid, 
which in the course of u few 
seconds is filled with the sol- 
id carbon di-oiide snow. On 
moislening aonne iif it with 
ether in a wooden truy, and 

thermometer -bulbs full of 

niorcnrj', biiUets of froBen 

mercury are easily obtHJned. 

Fri>m the ease with whifh 

carbon di-uxide gas can be 

ly of tho properties of gawfi. Its 

refully n large deulier nr a thin 



nfonaANic cngmsrsT. 




ui tb» 



jiile-puns uf a Inrge hulnii 



dpoi 



put it out (Fig. 



1 iHrgit LeHl[(!rrul <' 
mndle lighted uiid placed in the bottom of a beakpr 
pouring some of tbe gas upon it. If a ataud car- 
rying a series uf lighted ciindleg lie 
placed in u large jar (Pig. 7Q), and | 
carbon di-oxidc gaa be intn.iduc?ed 
at the huttom, the candles wJll be 
Bucceasively extinguished ai the gas 
rises around them. The a 
tion of this gas. in wells, a 
moyal tiierafrom by buckets, niay 
be fihown by using a tall jar (Fig. 
SO) to represent the well, nnd a glass 
bucket attached to a wire to draw 
up the gns. If a lighted candle be ■ 
near, the gas nmy be poured from 
the buc^ket upon the name so as to 
). This is the only gas which extinguishes flanie 
' ! dear lime-water he poured 
turbid from the production 



and renders lime-water milky, 
into a jar ol the gas, it becomes 
of calcium CHrbonatii. 

314. Carbonic Add. — Form ida 'H./I^O^ Mokeular mcuu 
61 85. — Carbonic acid is produced by the solution of carbon 
di-oxide iu wat^r. It haw not been obtaioed free from water, 
as it readily decomposes into water and carbon di-oxide again 
on slightly raising the temjierature. The solution in water is a 
dislioctly acid liquid having tbe pungent odor and agreeable 
acid taste so well known in the so-called eoda-water, which is 
made simply by condensing carbon di-oxide gas into water. 

The salts of carbonic acid are called carbonates. Both 
Oft ho -carbonates and mela'Cfirbonates, having respectively 
the general formulas M',CO. and M'.COj, are known. 

The simplest test for a carbonate is the effervescence which 
restilta when it is treated with an acid. Tlie escaping gas 
maybe passed through lime-water, which is rendered milky 
by carbon di-oxide, and becomes clear again on the addition 
of a dilute acid. 
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Cakbon Monoxide or Caebonyl, — Formula CO. Mdecular ] 
mass 27-9o. Molecular vidume 2. Edailve densUy 13-9( 
The maea of one liter is 1'25 graiiM (_14 crUhs). 

315. History. — Carbou monoxide was discovered by Laa- 
sone in 177(>, and also by Priestley in 17H3, Its true nature ^ 
was determined by Woodlioiiae in 18(K). 

316. Preparation. ^Carbon moooxidc may be prepared' I 
{1} by the incomplete combustion of carbon, as when char- 1 
coal and blaukemith's scales — ferrowi-ferric oxide — are heated | 
together: Fe.0. + C, = Fe, + (CO), 

(2) by the abstraction of oxygen from carbon dioxide, 
when this gas ia passed over heatetl charcoal : 



(3) by ] 
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Fig. 82, t'CBiKiration <>t Curbuu moiiojiilc, 
nnid is plHced in the flaeli, fruoug)) eiilpljurio acid is added to e 
It, tind tlie whole is lleatcd in a cup o[ sand iivor the gat^Qnu\e. Tlw I 
guiea UB evulvvd puss into >i wn»-1iiiij^-1>i>lllc cuntuining a sulutiun of] 
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potassium hydroxide, in bubbling through which the carbon di-oxide 
is absorbed ; the carbon monoxide thus purified may be collected over 
water. 

317. Properties. — Carbon monoxide is a colorless gas 
having a peculiar suffocating odor. It is condensable to a 
liquid, the critical temperature required being —189 '5° and 
the critical pressure 35*5 atmospheres. Its temperature un- 
der atmospheric pressure is — 190° and in vacuo — 211°. At 
this point it solidifies, yielding a clear mass like ice if the 
freezing be slow, but a snowy mass if it be rapid.. (Olszew- 
ski.) It requires 40 times its volume of water for solution. 
Its specific gravity is 0*969. It is readily combustible, burn- 
ing in the air or in oxygen with the characteristic lambent 
blue flame often seen playing over a freshly fed anthracite 
fire. It unites directly with chlorine in sunlight, forming 
carbonyl chloride, or phosgene gas. It is totally irrespirable, 
being an active narcotic poison, one per cent in the air prov- 
ing fatal. Its presence in ** water-gas," produced by passing 
steam over red-hot charcoal, has been the occasion of legis- 
lative interference ; the amount of carbon monoxide permis- 
sible in a gas used for illumination being now fixed by law 
in several of the States. The ready passage of this gas 
through heated cast iron, and its consequent presence in 
apartments heated by stoves or furnaces of this metal, has 
been assumed as the cause of serious disease in manv in- 
stances. With sufficient ventilation, however, no danger from 
this cause need be apprehended. 

COMBUSTION. 

318. Definition. — In the wide sense of the term, com- 
bustion is an energetic chemical action, attended with light 
and heat. It is commonly restricted, however, to the direct 
union of a substance with oxygen. Two substances at least 
are ^concerned in every combustion: the combustible, or tho 
body which burns ; and the supporter of combustion, or 




COMBCSTIOX JXD COMBVSTJBLES. 

the gas in wliith tlie combustion lakea place. 
we call hydrogeu a combustible body, and 
of combuBtioQ ; but if the atmosphere were 
hydrogen, then the oxygen would burn in it 
and would be the combustible body. 

EsPERlMBNT.^It is tomimiTilj aaid tlmt coal-gas 
burns in the Kir; but if ajar be filled with cuul-gns, 
and H combUBtion-epoon containing melted potas- 
sium chlorate be introduced into it (Fig. 83), the 
oxygen given oil' will burn in the cuul-gue, the latter 
being now the supporter. 

319. Combustibles.— The substaucee 
which are burned as combustibleti are very uurinnB in^wli- 
uumerouB. Illuminating-gas has already been *"' 

mentioned. Of liquids, the vegetable oils known as rape, 
olive, aud turpentine, the animal oUp called sperm and lard, 
and the mineral oils derived from petroleum, may he men- 
tioned. Of Bolids from the vegetable kingdom, wowl aud 
bayberry wax; from the animal, tallow and ite product, 
Etearin; and from the mineral, paraffin and the various eortf 
of coal, are examples. Tliese aubstanceg, though so different 
in character and origin, all agree in the fact that they con- 
tain carbon and hydrogen. 8ome contain oxygen in addi- 

330. Coinbiutiun Itself. — Bodies are burned either tor 
purposes of warmth or of illumination. The temjierature at 
■ which bodies take fire in the air difierB widely ; phopphorus, 
for example, inflames at 50°; sulphur at 260°; hydrdgen at 
500°; while cnut-gaB requires a temperature of 10tXl°, and 
nitrogen one ot 5400° The amount of heat and light 
evolved are proportional to the rajiiditv ot tlie combustion 
In the decay of wood there it> a, true burning, tailed b\ 
I" Liebig ereraacausie but thou^b the heat produced is the 
i in Bliin aw in rapid conibuMion the rise of temperature 
ya the former cat* is umall Phohphorus exposed to the air 
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becomes luminous and slowly oxidizes ; but the temperature 
never rises very high. When heated very hoi, liowever, liod- 
iw undergo a rapid combustion and evoive their maximum 
temperature. AVhen the matter burning is gaseous, then 
the phenomeuoo of flame appears. The char- 
acter of flame may be very well studied in that 
of an ordinary candle (Fig. 84), The solid mat- 
ter melted by the heat is drawn up in the wick 
ae a liquid, and is converted in the flame into 
gas. In the center of the tiame theu there is 
a dark cone of inflammable gat). Surrounding 
this there is the luminous envelop, where con- 
densed hydrocarbons are undergoing combus- 
tion. And outside still is the portion of the 
flame called the mantle, faintly blue in color, 
composed, it ia said, of burning hydrogen, and 
cup-shaped at its lower portion. 

Experiments. — By iiieiins of a glass tuhe the com- 

bnstible gas in the center uf a oandlH-flame may be 

enBi'ly led off und burned. Moreover, burning phoa- 

'^■fla^'"^' P*"""" '* eitiiiguiflhed when placed in the center of a 

large alcohul-flaniB, ttus ahowing tbo absence of air 

there. A porceliiin plate held in the luminous cone will have the 

condenseiThydrocurbona deposited upon it; >. '■., will be smoked. 

In order to burn this gaseous matter in 

the center of the flame, Argrand proposed 

the burner now kii 

by his name. In this 

burner air is admitted 

into this gaseous space 

by making the flame 

ring-shaped. More* 

by using a chimney to 
KfK.w. Arcana burner produce a draft, great 
brilliancy and eteadjnees are given to the flame. 





For heating 



co^fn^sTIoy. 
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purposes, tbe best burner is Buiieen'e burner (Fig, 86). The 
I gae, isauiLg from a email ceutra! jet, is thoroughly mixed 

vith air entering by the lateral openings, 
f before it burns at the lop of the tube. By 

ibia dilution, which may be made equally 

well with iiitroyeu or carbon di-oxide, the 

density of the gaa is bo reduced that the 
ae ia con-IuminouB, and no smoke is 
I deposited on hodies held in it. 

Flame, if coolpd below a certain point, 

is extinguished ; hence no flame can be 
I propagated through a cold, fine metal tube. 
I This was Davy's discovery, which gave 
I rise to the safety-lamp, 

Ekpkrimekts.— Wire-gauze is simply it ciil- 
1 leution of anmll, short tubes. If a piece of tni:h 
I gauKe be pressed upon u gae-Bftinc. tbe Rame 
t will not pnsB Ibniugli it, but will he (Icpreased 
I by it SB if it were u si.lid pUW, If lield two 
I incbes nbove the jet, the gaa may be lighted 
I Bbiive tbe gaaze, but ibd flume will iint pase 
I through to thy jet. With two pieces of gBuae 
I ths gaa may be made to hum _\iet ween them, but 
I neither above the Ujiper nor below Uie k.wer; o 
I but not between tbem. 

The miner's safety-lamp is represented 

S7. It onsisti* of a metallic lamp, the wick of which is f 
I rounded with wire-gauze, inclose*! in a frame, by which the 
' whole may be suspended. The explosive mixture of air with 
e gases of the mine can enter the gauze and burn within 
; but the flame can not pass outward thmugh tbe gapze, 
I as it is thereby cooled and extinguished. Hence, wilh such 
t a lamp an explosion of these gases can not take place. 

121. Protlucta of CuiiibuHtluii. — The products of com- 
I hustion are of two sorts: 1st, llie physical products, the 

heat and light for which the ci)tuliustiou is generally pro- 




Flg. S7. Ssfety-luup. 
r ttboTB and below, 



1 section in Fig. 
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duced. 2d, the chemical products, which are to be con- 
veyed away. The heat of combustion is measured in heat- 
units; a heat-unit being the quantity of heat required to 
raise one gram of water from 0° to 1°. Thus the heat of 
combustion of hydrogen in oxygen is 34,180 units, and that 
of carbon 8,080 units ; i. e., one gram of hydrogen or of car- 
bon in burning in oxygen would heat 34,180 or 8,080 grams 
of water from 0° to 1°. Knowing the quantity of carbon 
and hydrogen in a given fuel, therefore, it is easy to calcu- 
late its value for heating purposes. 

The light given by an illuminating agent is measured by 
comparison with that of a standard candle, as mentioned 
under coal-gas. The instrument used for this comparison is 
called a photometer. 

The chemical products of combustion, since the combus- 
tibles are composed of carbon and hydrogen, are obviously 
carbon di-oxide and hydrogen oxide or water. 

Experiments. — That water is produced in combustion may be 
shown by holding a cold dry bell-glass over a candle-flame; it will 
be at once bedewed with moisture. If now a little clear lime-water 
be shaken in the jar, it will become milky, thus proving the presence 
of carbon di-oxide. The same is true of respiration; a full breath 
blown through a glass tube into lime-water will make it entirely 
white. Air that has been twice respired will also extinguish a candle. 

322. Ventilation. — To carry off these effete products, 
an efficient ventilation is necessary. This is generally se- 
cured by a draft produced by heat, carrying all the foul air 
into a ventilating shaft and thence into the outer air. Air 
is too impure to breathe if it contains O'lO per cent of car- 
bon di-oxide ; but numerous other organic and inorganic im- 
purities are produced by respiration and by combustion in 
our houses which are quite as injurious to health, and which 
must also be removed. 

ExPERlMKNTS. — The principles of ventilation may be illuslraled 
by the following experiments: If a tall bell-glass, closed at top, be 
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plated over a Btund on which are three lighled i^niidles at different 
huigbts (Fig. 8S), the beuted curbnii di-uxide will HCL'uiiiiihitc in the 
tippur jmrt iifthe bell, and gradually extiiiguleh the tupers from above 
downward. By removing the stopper and rais- 
ing the jar just bel'ure the lost 
flame expires, tbe air Je re- 
newed and the taper will be 
revived. 

If a wide glaes lube be flsed 
in the neck of the bell, as 
shown in Fig. 80, and this be 
plated over a etund oarrjing 
two tapers, both will be &%- 
I tinguished ae before. But if 
a amall space be left betwt 
HMwl'th^Draft! tbe bell and the plate, the up- 
per taper only will g 
while the lower one will ba supplied wit 
di-uiide and water escaping through the tube. 

Again, If two large tubes, one within the other, be fixed in the 
neck of B bell-glaas (Pig. 90), and the whole l»e placed over a candle- 
flame, tlJB heated and effete prodiiets of combustion escape up the 
center tube, while fresh air enters by the an- 
nular spiice between the two, and the candle 
burns actively. 

Mines are usually ventilated by means of 
I jll two shafts, called the upfiift and the duwn- 





or bell.glaa 
a below, its carbon 





cast ahafte, rospi'utivolj. Their action may bo representwl by Pig. 91. 
A Mjunre bor has ut each end a chimney, in luie of which a candle is 
t burning. The air heatwl by the coinbuatioa rises, while iVeeh 
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air descends in the opposite chimney to supply its place. Practically, 

a coal fire is kept burning at the base of the upcast shaft, and by 

suitably arranging doors in the different parts of 

the mine, the whole may be thoroughly ventilated. 

If but one shaft is possible, then an arrangement 

illustrated by Fig. 92 is generally employed. A 

candle placed in a small bell-glass surmounted by 

a wide tube will be extinguished. But if a piece 

of tin-plate be inserted in the tube, the foul air will 

pass out on one side and fresh air will enter on 

the other, and the candle will continue to burn. It 

was the taking fire of such a partition, and the 

consequent stoppage of ventilation, which caused 

tlie terrible disaster at the Avondale colliery a few 

years ago; the choke-damp as well as the fire-damp Fig. 92. Single-shaft 

accumulating in the mine in consequence, and pro- Ventilation. 

clacipg fatal nesults. 

CARBON AND 8ULPHUR. 

Carbon Di-sulphide. — Fonntda CS.^. Molecular mass 75*93. 
Molecular vdume 2. Relative density of vapor 37 '96. The 
mass of one Uter of carbon di-svlphide vapor is 3*40 grams 
(38 ariths), 

323. History and Preparation. — Carbon disulphide 
was discovered by Lampadius in 1796. It is always pre- 
pared synthetically, by passing the vapor of sulphur over 
charcoal heated to redness : 

C, + (S,), = (CS,), 

By agitating with lead hydrate or mercuric chloride, and 
re-distilling from milk of lime, it is obtained pure. 

324. Properties. — Carbon di-sulphide is a colorless, 
strongly refracting liquid, having, when perfectly pure, an 
agreeable ethereal odor, like chloroform. Its specific grav- 
ity is 1*27. It solidifies at —116°, melts again at —110°, 
and boils at 46°, yielding a dense vapor. It is very volatile, 
evaporating rapidly in the air, with the production of groat 
cold. It is not soluble in water. Its vapor is readily infiani- 
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niable, taking fire in the aireven at 150°, aud burniug with 
a blue flame, producing carbon and Rulphur di-oxidett. The 
brilliancy of its combustiDD with nilrogeo di-oxide has been 
already mentioned. 

Carbon di-^ulphide unites directly with alkali-eulphidefl 
and sulphydrates, produciug aulpho-carbonates M,Cy„ anal- 
ogous to earbonateni M,CO,,. By deccimpotiing aiuniomum 
sulpho - carbonate with hydrochloric acid, Bulpbo - carbonic 
acid H,CS, is obtained as a redd it-h -brown oily liquid: 
(NHj,CS, + (HClj, = (NII.Cl), + H,Ofe, 

335. Uses. — Carbon di-suiphide is used in the arts to 
dissolve phosphorus, iodine, and sulphur; the latter particu- 
larly in vulcanizing india-rubber. It is largely used alwj as 
a Koiveut lor resins and bitumens-; and of late years has 
been prepareil on uii iintnenee scale for tlie exlractiim of the 
various iiittv aud essential oils. 



f'ARmiN AND Nn-ROCiEN. 

Cyasuoen. — Funiiuia C,N,. i^ibol. Cy. Maieciilar mam 
r»l-96. Mnktniha- vnluwe 2. Relative tktiMty 25-fi8. Th« 
maw of ttw liter is 2d2 ffracw (26 crith«). 

326. Histwpy. — t'yanogen was discovered by Oay-Lus- 
Bao in 1815. It was the first compound radical isolated, and 
its discovery marks an era in the science of chemistry. Its 
name is from xiidi-si.c, Hark blue, it beinp: a constituent of the 
well-known pigment, pruwian-hlne. 

327. Preparation. ^Cyanogen in usually prepared by 
heating the cyanide of gold, silver, or mercury: 

Hg''Cy, = Hg -f- Cy, 

ExPKRiMKNT.^lnsttHil of ueitij; the mHiifiwImt n 
nide, K niiltare of two p»rta of thuriiuttlily dried potu 
oyHiiide and three pnrts nieronrir clilnride nmy be advs 
Bubstiluted. Tli8 niiitiipfl is pUeed in n fliiak of bard gins 



upon n 



intMgeously 

IB (Pift- 98). 

d-bnth. «nd bpMted iiil^n^ely liy means of the double-ilmft 
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evolved niny be tollccWd by diaplace- 
iiig wben tlia jar ia full. 



gas-burner, Tiie gna as 
iiietit, the pungent odor ii 

338. Properties. — Cyanogen is a coloriese gae, with a 
penetrating, pnngeut odor, reeembling that of peach-bloe- 
Boms. Its specific gravity is 1-80(5. Cooled to — 20'7, or 
subjected to a preeeure of four and. a half atmospheres at 
15°, it condenses to a colorless, highly refractive liquid, of 
specific gravity 0-866, 
which ireczea at — 34° 
to a transparent, ice- 
like solid. Its critical 
pressure is 61-7 atmos- 
pheres and critical tem- 
perature 124°. Cyan- 
ogen gas is soluble in 
one fourth of its vol- 
ume of water aud in 
one twentieth of its vol- 
ume of alcohol. It 
takes fire readily in 
the air, burning with 
a characteristic purple- 
red flume, producing carbon di-tixide and nitrogen. 

Free or molecular cyanogen is composed of two atoms of 

the cyanogen radical, Cy^ heinfi analogous to CI,, Moreover, 

atomic cyanogen acts precisely like ao elemental monad, 

forming compounds corresponding to the chlorides, thus: 

PotaBBium chloride KCl. PotaBsinm eynnide KCy. 

Hydrochloric acid HCT. Hydrocyanic acid HCy. 

Hypochlorous acid HCIO. Cyanic acid HCyO. 
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The therm o-ch em ical relations of carbon are noteworthy. 
Berthelot has shown that in the form of diamond one gram 
of carbon in uniting with oxygen evolves 7,8.59 heat-units, 
one gram of graphite 7,901, and one gram of charcoal 8,137 



heat-uniw. The beat of I'lirnniition <jf' methane CH, fn>m 
amorphoUB carbon and hydrogen is 21,750 heal-unite; of 
ethylene —2,700, aod of acetylene — kl,3(K) heat-unite. This 
ahwirption of energy results from the fact that to separate 
the carbon atoms in the molecule and to convert the solid 
carbon into gaw, work must l>e done upon it ; calculation show- 
ing that V2 grams of amorphous carbon thus separated ab- 
sorb 38,30U heat-units. The readiness with wliich acetylene 
and ethylene unite directly with hydrogen b thus apparent. 
To form C<JI, from chlorine and amor))houB carbon, 21,03(1 
heat-unite must be set free ; so that, to juiige by this standard, 
the attraction of carbon for hydrogen i« practically the same 
as that tor chlorine. The heat of formation of carbon mon- 
oxide CO is 28,500 units; that of carbon di-oxide CO.j, also 
from amorphous carbtm and oxygen, is t)li,dOO units. Hence 
when CO burns to CO^, 68,400 heat-uuite are evolved. The 
heat of formation of CS^ is negative and is —12,600 unite. 
The formation of free cyanogen C,N^ is also endothermic, 
the altsiirption of heat being — 65,700 units. 

§ 2. Silicon. 
Sytnbol Si. Atomic mW 28. Valr^t:* IV. lielaHve i)en«ity 
28 (■?). MoUmhr vioit^ 5R (?)■ Molecular volume 2. The 
vuM* of one liter of di/i'con-iwpw m 2-.'> (jrams (28 crifh») 0)- 
339. HIstorj- and Occurri'iice.— Silicon was first ob- 
tained pure by Berzellua in 1823. It does not occur free 
in nature, but exists abundantly in combination with oxy- 
fcen, forming the wdl-known puhstance, quartx. Combined 
with oxyp:en, and also with pjtassium, aluminum, and other 
metals, it conptitut« a large ptirtion of the rocks which make 
up the solid cnist of the earth. 

330, Prcimrdtlon. — Silicon may be prepared by the 
action of sodium upon potawiium fiuo-silicate : 

K,SiF, -1- Na. = (KF), -|- (NaF). -f Si 
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331. Properties. — SilicoD as thus obtained is an amor- 
phous, nut-brown, lusterless powder, which may be crystal- 
lized by solution in melted zinc, in long needles made up 
of adhering regular octahedrons; or in melted aluminum, 
iu flat octahedral plates. In tliis form it ii^ a dark iron-gray 
solid, with a metallic luster and a specific gravity of '2--iS). 
It is hard enough to scratch glass, and melU; at a tempera- 
ture above the melting poijit of iron. Heat«d in the air, 
the amorphous silicon takes fire and burns, producing,' silicic 
oxide. 

SILICON AND HYDROGEN, 

Hydrogen Silicide. — Form/uia H,Bi. Motfciilar maxi 32. 

332. History and Preparatiou, — Hydrogen silicide 
was first observed by Wijliler and Buff in 1857; but it was 
first obtained pure in 1867 by Friedel and Ladenburg. 

It may be obtained, mixed with hydrogen, by the cleciri)- 
lysis of a solution of sodium chloride, a plate of aluminum 
containing silicon being made the positive clectrmle. A 
better process is to decompose magnesium silicide by hydro- 
chloric acid ; 

Mg,8i + (HCI). = (MgCLJ, -f H,Si 
It is obtained perfectly pure by the action of sodium upon 
tri-etbyl silico-formate. 

ExpsRiMENT. — For preparing 
magnesium filicide, 40 pnrts fuiied 
inHgiiesium chloride, 36 parts dried 
sudium fluii-silicate, 10 pHrts fiieed 
sodium chloride, had 20 pnrts of ' 
sodium cut into ama]] piecf::. nre 
well mixed together find thmwn 
into a red-hot hesitian crucible, 
which is then covered Hnd heated 
until the sodium c 

When cold, a dark Iwyer of the impure silicide will be found a 
bottom. It u detached and preserved in a tiglit buttle. 




BYhltOOEy muciDB. 



25S 



To obtain hydrngeli Filicide, the coarsely pulverized skg tims iiniile 

B phi'-ed in (1 wide->uom.liKl bottle (Fig. 84), tiirougli Uib tork .,f 

wliit'li passes H funnel tul>o lor udding llie ucid, and it widn delivery 

tabe for tbe eecupe uf tb« >riiB. TLe bottle is tben Qllcd with ouM 

er — ret-ently boiled to expel the iiir — and placed by the wuter- 

J eieteru as ebuwu in the flgure. Ujxm pouring conuentnited hydro- 

\ -ablorid acid down the Tunnel tube — taking especial esre thut it eurrieit 

I Jtt nu air-bubbles — hydrogen silicid-e gue is evolved and may be eol- 

Iwted for use. 

333. Properties. — Hydrogen silicide is a colorless gas, 
which, when mixed with hydnigen, is wpontaneously iDflam- 

I mable iu the air, yielding white clouds of silicic oxide. At 
the temperature of —5°, a pressure of 70 atmospheres con- 
denses it to a liquid. Biii'ued fnim a jet, it gives a brilliant 
white flame, which depositi" a lirown layer of silicon upon a 
piece of porcelain held in it, AVbeii the tube conveying the 
gas is heated, a njiiror-like deposit of silicon takes place 
within it. Hydrogen eilicide is not soluble in water. Passed 
into ciipric sulphate or wilver nitrate, it throws down eupric 
and silver silicides. It is deci>mp<tsed by [M)tass<ium hydriix- 
ide, one volume of the gas yielding four voluiuw of hydro- 

^"^^ SiH, + (^HKO), = K.SiO. + H. 

.One half of this hydrogen conies from the eilicide; each 
molecule must therefore contain two molecules of hydrogen, 
or four atoms. 

SILICON AND OXYGEN. 

fiiLicic Oxn>K. — Firrmnia BiO,, Moteciihr muM 5S)'92. 

334. OL'cuppence, — Silicic oxide, or silica, occurs abun- 
dantly in nature in the pure and crystallised form known 
H.1 (juartz or rock-crystal ; and more or less deeply colored 
in ibe minerals called amethyet, jasper, agate, chalcedony, 
and carnelian. A beautiful and probably polymeric form ia 
known as opal. As sandstone it forms a rock-material in 
geology. Its combinations with metallic oxides, called sili- 
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ciitou, liirm by far the most nunierou:^ (.'luss of mineral sub- 
stances. Silicic oxide also occurs dissolved iu many Uiitural 
waters, pai'ticularly those of thermal springs ; it stiffens the 
stems of the cereal grains, and has been also found in animal 
tissues. 

335. Prepamtloii. — Silicic oxide may be prepared either 
by the oxidation of silicon, ae when it burns in the air, or 
by the dehydration of silicic acid : 

H,SiO, - H,0 = 8iO, 

330. Pr«i>ertie8. — Silicic oxide, as usually obtained, ie 
a white amorphous powder, though in nature it occurs often 
in the form of hexagonal prisms, crowned by s; 
sided pyramids (Fig, iloj. It has a specific grav- 
ity of 2'60, is B<J hard as readily to scratch glass, 
and is fusible only by the oxyhydrogen fiamo. 
is but slightly soluble in water, and is unattaclced 
by acids, except the hydrofluoric. Fused with 
salts of the alkali-metals, it combines with the 
basic oxide, forming a silicate, and set« the n 
live or acid oxide free. 

337. Silicic Afild. — OrfAo H.8i'"0,. JlfWn ^^^;^^^^ 
HjSi'''03. Ortho-silicic acid may be prepared by 
the action of water on silicon fluoride, or by decotuposing a 
solution of an alkaline silicate by au acid. It is obtained as 
a gelatinous precipitate, losing water when dried, and pro- 
ducing meta-silicic acid. By dialysing a solution of au alka- 
line silicate in hydi-ochloric acid, the acid jiasses through the 
membrane, and there is left in the dialyser an aqueous solu- 
tion of silicic acid, which may be concentrated by boiling in 
a flask until it contains 37 per cent. It is a tasteless, lim- 
pid liquid, \s slightly acid, and becomes a jelly on standing. 
On evaporation it leaves meta-silicic acid. A third silicic 
hydrate, called para-silicic or di-silicic acid, H,SijO„ is 
knonn. 
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RELATIONS OF THE rJlllHIX ISllOVl: 'i^i'^ 

Tfae Bi]icates are claesified by^Dana asuni-Bilientes, M',6iO,, 
cor responding to ortho-silicates, and bi-eilicates, M',8iO;, cor- 
responding to meta-eili Kates. Some of the ialenuediqte vari- 
eties, Buch aa wernerite [Na, Ga, Al]", SijO,, are di- nr para- 
silicates; others, as lepidolite [K, Li, Mn, Al]",SijO|„ and 
labradorite [Ca, Na, Al]",Si,0,o, are derived from tri-silicic 
acid, H„8i,0|„. Besides tlieue there is a third class of sili- 
cates — Dana's sub-sUicates — which are m eta - alum inic sili- - 
cates, derived from met a-alum inic base HjAljO^ — by replac- 
ing the H, by Si'*. In thin way the mineral cyanite, SiAl^O,, 
IB produced. Potassium and (sodium m eta-silicates are wjIu- ^ 
ble in water, and their solutions are used in the aita under 
the name of soluble glass. Potussio-lead silicate is known in 
commerce as flint glatie, and sodio-ealciuiu silicate as window 
glass. (Jrown glass, used for optical purposes, and Bobemian 
glass, of which chemical vessels are made, are potassio-cal- 
cium silicates. Plate glass coutuins potassium, sodium, and 
calcium as ite basic coustituent^. 

RELATIONS OF THE CAHBON tiBOUP. 

3.18. Cnrhon, rUIcoti, an<l titniiliim, as well as zirco- 
nium, cerium, and thorium, ar« closely related to each other 
in the gradation of iheir physical properties as well as in the 
similarity of their chemical compounds. Their tetrad char- 
acter is well marked, since ihey form tetra-cblorides, di-ox- 
ides, and di-sulpbides, and since carbon and silicon form also 
tetra-hydrides. The elements <jf this group are ak) capable 
of entering into combination as double atoms, with an equi- 
valence of six, forming the chloride of carbon C^C'l, and the 
oxide of titanium Ti,0„ for example. Finally they all form 
normal ortho-hydrates, which are tctra-basic or acidic, and 
derived meta-b yd rates, which are di-basic or acidic. 
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EXERCISES. 

1. MtMition the forms in which carbon occurs in nature. 

2. How are they proved to be chemically identical ? 

3. One kilogram of carbon in burning will evaporate how much 
water ? 

4. How is methane produced naturally? How made artificially? 

5. What volume of methane from a kilogram of sodium acetate? 

6. One gram of alcohol yields what volume of ethylene? 

7. A cubic meter of ethylene contains what voIumjc of H? 

8. For what reason is ethylene written CgH^ and not CH./.' 

9. What volume of O is required to burn 250 grams of ethylene? 

10. How is acetylene prepared? What are its ])ropertios? 

11. Describe the process for making coal-gas. 

12. One kilogram of C in burning gives what mass of CO.^? 

. 13. What mass of KClOjj will completely burn 5 grams of C? 

14. What volume of air is required to burn one liter of marsh-gas. 
of ethylene, and of acetylene? What volume of CO.^ is produced in 
each case? 

15. What volume of carbon di-oxide will be produced by burning 
a kilogram of cannel coal, 85-81 per cent of which is carbon? 

16. One cubic centimeter of marble (specific gravity 2-7) contains 
what volume of CO^^? 

17. How many kilograms of carbon in 1,000 kilogranjs of chalk ? 

18. What volume of COg must be passed over charcoal to yield a 
liter of CO? What is the increase in mass? 

19. 25 grams oxalic acid yield what volume of CO at 10° and 740 
millimeters pressure? 

20. To burn one gram of CSj requires what volume of O? 

21. What volume of air is required to burn one liter of CN ? 

22. What are the analogies of cyanogen?. 

§2. 

23. Give the method of preparation and the properties of silicon. 

24. Into what classes are the silicates divided? Illustrate. 
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S'jmhd B. Atomic inwm lU-Hi. 
21 ■90 ("'). Molecular volum 




Vaieiife III. MaUcular mwtn 
Hpec^c (jramty 2'68. '^., 

339. History uiid Occurreuce. — Under the Arabic 
name buraq, corrupted into bonis, u Htlt obtained from cer- ' 
lain lakes Id Thibet, aud containing boron uk an eeeenttal 
compoueut, haw long been imprirted into Europe. From 
this, in 1702, Homberg ubtaioed boriti oxide ; and from 
boric oxide, Davy, in IBOT, by the aid of electricity, and 
Qay-LuBBao and Thenard, in 1«08, by chemical means, 
i>btaino(l pure iMii'on, It was first obtained cry^talliEed by 
Wohlor and Deville in lil*56. The mineral saeeoHte is boric 
acid, HjBO.j; and Ivjrax, boracite, and lunierellite are native 
borates of tujdiiini, magneeium, aud aninjoniiini reB]>ectively. 

340. Preparation and PropertieH.— Amorphous boron ' 
may be prepared by the action of «>diuni upon potaseium ' 
fluoborate, thus: 

(KBF,), + Na, = (KF), + (NaF). + B, 
In this fiirm lx>rim ic a soft, green ii?h-b row n powder, read-t 
ily oxidized hy nitric acid, »nd funible at the heat of thei 
osy-hydnigen flame. It may be obtained crvKtuUized by diB- 1 
solving it in melted aluminum, alltiwinjj: the mass to cool, \ 
and removing the aluminum by hydrochloric acid, Short ' 
quadratic octahedrons are left undissolved, whicli vary from i 
honey-yellow t<i garnet-iw! in color, have a specific gravity 
of 'ii'63, and are nearly as hard, as lustrous, and as highly 
refractive as the diamond itaelf. These crystals contain a | 
little aluminum, are infui^ible, and are combustible with dU- / 
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tii'QiCy even in oxygen. They are not atta<;ked by melted i 
liittT. The 80-caUed graphitoidal boron in u compound of/ 
horuu and aluminum. 

341. Uyilrugeu Boride, H,B. — A compound of hydro- I 
gen and boron has been obtained by acting on niagueeium 
boride with hydrogen chloride. A colorless gas is set free, 
which burns with a bright green flame, with separation of 
boric oxide. Upon holding a cold porcelain surface in the 
flame, a brown coating of boron is deposited on it. Con- 
ducted into silver-nitrate solution, it pn)duce8 a black pre- 
cipitate in it consisting of silver and boron. 

343. Boric Oxide, B^^. — Boric oxide is formed when- \ 
ever boron burns in the air or in oxygen. It is usually ob- \ 
tained by igniting its hydrate, boric acid. A viscid niaas ia 
left, which solidifies to a colorless, brittle, transparent glasB, 
of specific gravity 1"83. It unites directly with positive ox- 
ides to form borates, ex[>elling the more volatile negative 
oxides with which they are combined. 

343. Boric Add, H^BO,. — Boric acid occurs free in na- 
ture, especially in volcanic districts, as in Tuscany, where it i 
issues, with steam and gasetrus matters, from fiseures in the 
earth, into natural or artificial ponds or lagoons, the water 
of which soon becomes charged with the acid. This water is 
then evaporated and the acid crystallized out. Boric acid 
may be prepared from sodium borate or borax, by dissolving 
three parta of it iu twelve of boiling water, adding one part 
of sulphuric acid, and allowing the whole to cool. The boric i 
acid separates in white crystalline scales, of specific gravity i 
1-48, soluble in two and a half parts of water at 18°, and ' 
freely soluble in alcohol. Its aqueous solution reddens lit 1 
mus paper and turns turmeric paper brown. Its solution 
in alcohol burns with a green, flume. This is the normal or | 
ortho-bi)ric acid. By beating it to 120° it loses one mole- 
cule of water and yields" uieta-liorie aciil, HBO^. Boric a<^id 
Elbows a strong tendency to condensation, thus forming mul- j 
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tiple salts. Borax, or sodium tetraborate, NajB,0„ is an 
example. It is found ncitive iu the wateiv of c«rtaiu lakes 
in Thibet and CaJifomia. It is used lai^ely as a flux 
working- metals. Boron acts in some cases as a hat^ic ele- 
nieut. ^ItH of this element are known, such as the dieiil- 
phate (,B0JHS,0, and the phosphate BPO,. 



§ 2, Aluminum, 
Siftiibd Al. Almuc wm» 27-04. Vaknce III. 

344. History aud Occurrence. — Aluminum oxide, at\ 
alumina, was long confounded with lime, from which it wa« | 
first diBtinguished by Marggraff iu ] 754. Oersted, ii 
first prepared the chliiride ; aud from this, in 1H28, "Wohler 
obtained the metal. His process was made a commercial 
one by St. Claire Deville iu 1S54. The metal wae first pre- 
pared from cryolite by H. Rose in 1855. 

Aluminum, next to oxygen and silicon, is the moet abua*j 
dant element in nature. The minerals coruoduni, ruby, andfl 
sapphire are alumiuum oxide; diaspore, ehrysoberyl, i 
spinel are aluminates; micas, feldspars, and clays are alu--J 
minum silicates ; cryolite is sodium-aluminum fluoride ; 
many other minerals contain it as an essential constituent. 
Its name comes from the Latin alumen, alum, which sub- 
stance was largely imported into Europe from the East until 
the fifteenth century. 

345. Preparatltiu and Prop^rtleK. — Aluminum is gea- d 
erally prepared commercially by the prncesB of Deville, which | 
consists in reducing the chloriJe with sodium. At the worka \ 
of Moriu, in Paris, ten parts sodio-aluminuiii chloride, five 
jrarte of fluor-spar or cryolite, and two parts of sodium are 
mixed together and thrown upon the hearth of a reverlmr- 
atory fiirnace, previously heated to full rednesB. A violent J 
action takew phice, groat heat is evolved, and the liquefiec" 
mass of slag and metal collects at the back of the furnace^f 



260 INORGASIC CHEMISTRY. 

The latter is drawn off and cast into ingots. This process 
has recently been greatly improved by Castner. Tissier, at 
Amfreville, makes aluminum from the mineral cryolite, after 
the method proposed by H. Rose ; and in this country it is 
now made in considerable quantity from the same mineral 
by electrolysis, by a process devised by Hall. 

Aluminum is a brilliant bluish-white metal, capable of 
taking a fine polish. It crystallizes in octahedrons, and con- 
ducts heat and electricity readily. It is highly sonorous, is 
very light, specific gravity 2*56 to 2*67, and is very mallea- 
ble and ductile. Its tenacity is about equal to that of silver, 
and it is slightly magnetic. After fusion it is soft, but be- 
comes hard by hammering. It melts at a temperature of 
700°, but little above the fusing-poiut of zinc, but is not 
volatile. It tarnishes very slowly in the air, though it burns 
readily in thin leaves when heated in oxygen. Sulphuric 
and nitric acids are without action upon it, though hydro- 
chloric acid and alkali-hydrates attack it readily. 

Aluminum is used in the arts chiefly for ornamental pur- 
poses, for which its luster, its whiteness, and its unalterabil- 
ity in the air well adapt it. Its lightness makes it useful 
for weights, and for astronomical and physical instruments. 
Culinary utensils have also been made of it. Alloyed with 
copper, it forms aluminum-bronze, which, when it contains 
ten per cent of aluminum to ninety of copper, is hard, mal- 
leable, as tenacious as steel, and takes a fine polish. 

COMPOUNDS OF ALUMINUM. 

346. Aluminum Chloride. — Formula AlCl.,. The com- 
pounds of aluminum until recently were supposed to cod tain 
this element with a double atom. But the latest vapor-den- 
sity determinations, particularly of its organic compounds, 
seem to establish its triad character, and thus to confirm the 
indications of the periodic series. Aluminum chloride is 
prepared by passing chlorine over an ignited mixture of the 
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ijsidc aud clmrooal. It is a colorless, senii-cryBtallimi, waxy 
eiibislimce, fusible aud volatile, and having a vapor-deuBity 
of 134. It combiues violently with water, forming the by- 
(b'aie AlCI,, (i aq. Chlorine, passed over an ignited mixture 
of salt, aluuiinuiu oxide, and cliaruoal, yields eodlo-alumi- 
num chloride, NaAlCl,, as a white crystalline »)lid, wbiuh ■ 
melts at 201)". Aluminum fluoride, AIT,, combined witli\ 
sodium fluoride, occurs native in the mineral cryolite. ' 

;;47. Al niii i n ii m Oxide.— ibrnw/a Al^O,.— Aluminum 
oxide oiicurs native in the mineral corundum, which includes 
the precious stones Itnoivu as tlie ruby and the sapphire, ue 
well uH the valuable polishing material called emery. It may 
be prepared by the combustioii of the metal in oxygen or 
liy igniting the hydrate. It is found in nature crystallized 
in rhumbohedral forms, with a Bpeidfic gravity of 3-90, and 
scarcely ini'erior in hardness to the diamond. Aluminum 
bydrate, A1(0H)„ or ortho-alum in ic base, tiecurs native as 
gihbsite. It is obtained by precipitating any salt of alumi- 
num by ammonium hydrate. Meta-aluniinic base A10(0H} 
is also known, occurring in nature as the mineral diaspore. 
AJuBiinic hydrate acts as an acid with basic radicals, forming 
alumlnatea; sodium orthd-aluminate, Na^AlOj, aud meta- 
aluminate, NaAlO,, and potassium meta-alumiuate, KAIO,, 
have been prepared artificially ; and beryllium aluminate, Be" 
(A10,)j, or chrysoberyl ; magneeium aluminate, Mg"(A10j)„ 
or spinel ; and 7.inc aluminate, Zn"(A10,),j, or tiuhnite, are 
well-known minerals. With strong acids, aluminum hydrate ■ 
acts as a base. With sulphuric acid, it yields aluminum 
Bulphate, AL,(i^O,)„ 16 a^j., the mineral alunogen ; it is used 
in dyeing. It forms a characteristic class of double sulphates 
culled alums, whose general formula le MAKSO,),, 12 aq., M 
being generally K or (NHj. They all crystallize in regular 
octahedrons, arc acid in ihcir reaction, and have a styptic 
tHst«. Aluminum phosphate, Al(POj), is known in the 
hydrated form. The silicates of alumlmim constitute an 
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important class of minerals. Orthoclase is a potassio-alumi- 
num silicate, albite a sodio-aluminum silicate, and labrador- 
ite a calcio-aluminum silicate. Clay is a more or less pure 
aluminum silicate, AljSi^Op 2 aq. It is used in pottery, the 
finer kinds being known as kaolin, or porcelain clay. 

RELATIONS OF THE GROUP. 

348* To this group belong also scandium, yttrium, lan- 
thanum, and ytterbium, all rare elements. They are all 
trivalent and form similar compounds. Boron is the most 
strongly negative, and the acidic character seems to diminish 
as the atomic mass increases ; so that ytterbium would be 
the most strongly positive. The intermediate electro-chem- 
ical character of the group appears in the fact that, while 
boron gives an acid hydrate, B(0H)3, aluminum gives a 
basic one, Al(OH),; taken in connection with the further 
fact that BPO^ is as stable a salt as magnesium aluminate, 
Mg(A102)2; and yet in the latter compounds the electro- 
chemical character is reversed. 
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exercisp:s. 

§1- 

1. In what forms does boron occur? 

2. How is hydrogen boride prepHred? 

3. What mass of B.fi^ can be obtained from 10 grams of borax? 

4. Write the constitutional formula of borax. 

6. In what compounds does aluminum occur in nature? 

6. Give the process adopted by Morin for preparing it. 

7. Cryolite has the fornmla Na^AlFg; what per cent of aluminum 
does it contain? 

8. What is the mass of an aluminum ball 5 centimeters in diam- 
eter? 

9. Write the graphic formula of alumiimm chloride. Oxide. 

10. Under what names does aluminum oxide occur? 

11. Calculate the percentage composition of the mineral chryso- 
beryl. 

12. Fibrolite contains 86*8 per veut of silicic oxide and 63*2 per 
cent of aluminum oxide; what is its formula? (Molecular mass 103.) 
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CHAPTER SEVENTH. 

POSITIVE TETEADS, 

§1. Tin. 

Symbol Sn. Atomic mass 117*8. Vcdtnce H and IV. Moleo- 
vlar mass 235*6 (?). 

349. History and Occurrence. — Tin has been known 
from the remotest antiquity. It is spoken of by Moses (Num- 
bers, xxxi, 22) ; and Homer mentions it in the Iliad under 
the name xaffffirepo-;. Much of the brass of the ancients was 
a copper and tin bronze, the tin being obtained from Corn- 
wall; whence Herodotus speaks of the British Isles as the 
xaaa1rspid£(; or tin-islands. The principal ore of tin is stannic 
oxide, known as the mineral cassiterite. It occurs in veins 
running through ancient rocks — vein or mine-tin — and also 
in the beds of water-courses, from the disintegration of these 
rocks — stream tin. The principal localities of tin ore are 
Cornwall, England, and Banca and Malacca, India. It has 
been found in New Hampshire and in California in this 
country. 

350. Preparation and Properties. — The ore is pul- 
verized, roasted, and washed, and is then smelted with char- 
coal, which removes the oxygen. It is refined by melting 
and thrusting into it a stick of wet wood ; the impurities 
rise to the surface and are skimmed off. The tin is then 
ladled into molds, the upper layers being the purest. It 
comes into commerce as grrain-tin, in irregular fragments 
produced by allowing the hot ingots to fall from a height ; 
and as block-tin, a less pure form, in ingots. The purest 
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tin is imported from the ialand of Banca, and ia known as 
straits-tin. 

Tin is a soft, brilliant-white metal, of specific gravity 7'29. 
It in dituorphouH, crystalliziug iu forms belouging to the iso- 
metric and the quadratic systems. It is very malleable, and 
may be beaten into leaves one fortieth of a mUlimeter thick ; 
at 100° it ifl ductile and may be drawn into wire. Its tenac- 
ity, however, is small. It crackles when a bar of it is bent, 
producing what is known as the cry of tin. It has a pecul- 
iar odor, and is a good conductor of heat and electricity. It 
melts at 230°, and distills at a white heat. Heated in the 
air, it burns readily to oxide, though it retains its luster in 
air at ordinary temperatures. Acids attack it readily. 

351. Uses. — Tin is used in the arts for making tin foil, 
for covering iron in the preparation of tin plate, and for 
alloys. Pewter, britannia, queen's metal, and solder are alloys 
of tin and lead, containing sometimes a little antimony and 
bismuth. Bell-metal, gun-metal, bronze, and specnlum-metal 
arc essentially alloys of tiu and copper. In gun-metal and 
bronze, the tin ci^mstitutes one part in ten or twelve, in hell- 
metal one part in five, and in speculum-metal one part in 
three. 

TIN AND OHT.OEINE. 

Stannic Chloride. — Formula finCl,. Moteeular masg259-2S. 

352. Preparation and Pr<tpertles. — Stannic chloride 
— known to the alchemists as Liquor funians Libavii — may 
be obtainetl by the direct action of chlorine gas upon tin, or 
by distilling mercuric chloride with tin filings : 

(HgCI,), -I- Sn = Hg, -I- SnCI, 
It is a colorless, fuming liquid, of specific gravity 228, which 
boils at 115°. Its vapor-density is 1.30. It unites with water 
readily, evolving heat, and forming two crystalline hydrates. 
With alkali-chlorides it forms definite compounds, the potas- 
sium salt Iwing KjSnCI,. It is used in dyeing. 
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Stannous Chloride. — Fomivla SnCL,. Moleeidar moA^ 
188-54. 

353. Preparation and Properties. — Stannous chloride 
may be prepared by distilling tin filings with mercurous chlo- 
ride, or by the action of heat upon its hydrate.. It is a gray- 
ish-white translucent solid, which melts at 250°, and may be 
distilled at 620°; at 900° its vapor-density is normal. By 
solution in water and evaporation, large colorless monoclinic 
prisms are produced, having the composition SnCLj, 2 aq. 
These crystals are known as the ** tin-salt" of the dyer, for 
whose use they are commonly made by dissolving metallic 
tin in hydrochloric acid. Stannous chloride is used in the 
laboratory as a reducing agent. 

TIN AND OXYGEN. 

Stannic Oxide. — Fortmda Sn'^O.^. Molecular mass 149*72. 

354. Preparation and Properties. — Stannic oxide oc- 
curs native as the mineral cassiterite, or tin-stone, crystal- 
lized in square prisms, terminated by the faces of the square 
octahedron. It may be prepared by burning the metal in 
air, or by igniting either of the hydrates. It is' then obtained 
as a white powder, of specific gravity 6'6, insoluble in all 
acids except hydrofluoric. Owing to its hardness it is used 
for polishing glass, under the name of putty-powder. When 
fused with alkali-hydrates it forms stan nates. 

355. Stannic Acids.— Orf^io H.SnO^ and Meta H^SnO,. 
Ortho-stannic acid is precipitated from alkaline stannates by 
acids, or from stannic chloride by ammonia, as a gelatinous 
mass, which loses w^ater on drying in vacuo, and becomes 
meta-stannic acid. When tin is oxidized by nitric acid, a 
polymeric form of meta-stannic acid is produced, which when 
dried at 100° has the formula Hj^jSn^Oj^. Sodium meta-stau- 
nate Na^SnOg, 3 aq., made by fusing native tin-stone with 
sodium hydrate, is used as a mordant in dyeing. 
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Stannous Oxiue. —Fonmiia 8ii"0. Molecular ma^ 133-76, 
306. Freparatlun aiid Properties. — Stannous oxide 
ie obtained when stannous oxalate in heated in close vessels. 
It is -a bla<;k powder of spetufii- gravity (>'6, crystallizing in 
the isometric system, and combiietible when heated in the 
air. With water it forms a hydrate which absorbs oxygen 
gradually from the air, and passes into etannic acid. With 
sulphuric acid it forms stannous sulphate 8n"S0,. 



Stamnic Sulphide. — Fnnnula iiu"8.,. MdeeidariruMg 1&1-7G. 
357. Preparutioii aud Properties.- — Stannic sulphide 
is prepared by heating together tin-amalgam, i^ulphur, and 
ammonium chloride (sal-ammoniac J. A golden-yellow crys- 
talline powder having a metallic luster and a specific gravity 
of 4-6 is left in the ves«el. This substance was known to 
the alchemists under the name of aurum mudvum, or mosaic 
gold. It is used as a bronze-powder. 



S' 



Lkad. 



Sipnlxd Ph. Atomic >»,/.■<.■• 20(V4. Vnlnee II and IV. Speeife 

grai'lly 11 -S". 

3S8. UlRtorj- and Occurrence.— Lead has been known 
from the earliest ages of hisUiry. It is mentioned in the 
hook of J{>b and elsewhere in the sacred writings. The Ro- 
mans worke<l the lead ores of Spain and of England, and 
Ihe Carthaginians those of Spain, the extent of their mining 
and smelting operations exciting surprise, even at the pres- 
ent day. The principal workable ore of lead is its sulphide, 
or galenite ; though it occurs also somewhat abundantly as 
carbonate, or ceruseite ; as sulphate, or angtesite ; as chloro- 
arsenate, or mimetite ; as chlorophusphate, or pyromorptiite ; 
and in other forma. 
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369. Preparation and Properties. — Lead is prepared 
from the sulphide by a comparatively simple metallurgical 
process. The ore is first roasted on the floor of a reverbera- 
tory furnace, by which both oxide and sulphate of lead are 
produced. The furnace is then closed tight, and these prod- 
ucts react upon the undecomposed lead sulphide as follows : 

(PbO)^ + PbS = SO, + Pbg 

Lead oxide. Lead milphide. Sulphurous oxide. Lead. 

PbSO, + PbS = (SO,), + Pb, 

Lead sulphate. Lead sulphide. Sulphurous oxide. Lead. 

When the ore contains impurities, it is smelted by fusing it 
with iron, ferrous sulphide and lead being produced. Other 
methods are employed for smelting lead, varying according 
to the ore and the locality. 

Lead is a brilliant metal, bluish-white in color, and so 
soft as to be easily cut with a knife. It leaves upon paper 
a bluish-gray streak, and is very malleable. It has a spe- 
cific gravity of 11*37, crystallizes in regular octahedrons, 
and fuses at 325°. At a white heat it may be distilled. It 
has but a feeble tenacity, a wire two millimeters in diameter 
sustaining only nine kilograms. A freshly cut surface tar- 
nishes in ordinary air, but remains bright in perfectly dry 
air and also in water free from air. Potable waters in gen- 
eral act upon lead, dissolving it, and partly precipitating it 
as carbonate. This action is particularly noticeable in well- 
waters which contain nitrates from decomposed animal mat- 
ter, or chlorides from saline infiltration. Lead water-])i])e8 
should therefore be avoided or used with great caution. When 
melted in the air, lead is rapidly converted into the oxide. 
It is scarcely attacked by sulphuric or hydrochloric acid at 
ordinary temperatures, but dissolves readily in nitric acid. 
In presence of air and moisture it is acted upon by (luite 
feeble acids, as acetic and carbonic. Hence the use of such 
vessels as are made of or are united with lead, or lead solder. 
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should be avoided fur such articlep. Lead, when taken into 
the system, unites definitely with certain lisHueo and is re- 
taiued there, until finally suffieient accimndateii to pruduee 
[joisoning. Aeute colic is characteristic of poisoning by a 
large dose of lead ; but in chronic poisoning, which is far 
miJre common, there is paralysis, particularly of the niueclefi 
of the tbrearm, causing the wrists to drop; or there may 
be simply an indefinable feeling of malaise, accompanied by 
dyspeptic symptoms. 

Lead is used extensively in the arts for various piirpoees, 
both alone and alloyed with other metale. With a small 
proportion of arsenic it forms the alloy of which shot are 
mode ; with antimony and tin, it forms type-metal ; with bis- 
muth, the soft alloy used for permanent pencil-[xiint8 ; willi 
tin, pewter and soft solder ; uiid with cadmium, tin, and bis- 
muth, fusible metal melting at 60°. 

ExPBBiMKKT. — Metallio load in. s ftate of fine divlaion takes Bre 
readily in the air, fonning what U known aa pyrophorua. To obuiiii 
it in this form, tartrate nf lead is produced ty adding letid acetate to 
a Bolutiiiri of ii.itutiiio-eodiuin tartrate — riich el la Bull — wi long b« it 
forma u ppetipilutn. The lead tartrate, filleriMi oil', washed, und dried, 
U pliiced in n liibii of liurd glass, the tube is then drawn out at the 
end, and the whole is heatL'd to a t>rigbt rednoBs, until no more fumes 
escape. The end of tlie tuljo is then Healed, and the whole allowed 
to cool. On breaking the tube and pouring out the pontentg into the 
air, the roetiillic l™d at ont'o inflames, producing a shower of fire. In 
nnygien the conilmsttoii is hrilliant; in furbon di-o%i(le no ii>mhu8tion 
takcH plaice. 

LKAI) ANI> l-HLORINB. 

SCO. Plumbic- Chloride.— Fi>rini(?re Pb"C'l,.— This chlo- 
ride has been found in the crater of Vesuvius after an erup- 
tion, and is known as cotunnite. It is precipitated from any 
plumbic solution, if sufficiently concentrated, upon the addi- 
tion of hydrochloric ocid or a chloride. It is a heavy white 
powder, soluble in 135 parts of cold and 30 parte of Imiling 
water, from which it erystallixes, on cooling, in lustrous nee- 
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dies. It melts when heated in close vessels, and at a higher 
temperature sublimes. The fused chloride is translucent and 
sectile, and is known as horn-lead. A white and a yellow 
oxy-chloride are used as pigments. 

361. Plumbic Per-cliloride.— i<brmwZa Pb'vCl^.— Plum- 
bic per-chloride is obtained in solution by dissolving plumbic 
peroxide in cold hydrochloric acid, and in crystals by evap- 
orating this solution in vacuo. It has been but little studied. 

LEAD AND OXYGEN. 

362. Plumbic Peroxide. — Fcmnula Ph'^Og. — Plumbic 
peroxide is best prepared by precipitating a solution of four 
parts of lead acetate with a solution of three and a half 
parts of crystallized sodium carbonate, and passing chlorine 
gas through the mixture until the whole of the white car- 
bonate of lead is converted into the brown peroxide. It 
forms on drying a chocolate-brown or puce-colored powder, 
which gives off oxygen on heating. It is a strongly oxidiz- 
ing agent, uniting directly with sulphurous oxide to form 
plumbic sulphate. Digested with ammonic hydrate, it forms 
water and lead nitrate ; mixed with one fifth its weight of 
sulphur, it inflames spontaneously ; rubbed in a mortar with 
one sixth of grape-sugar ignition takes place ; it sets iodine 
free from potassium iodide, and bleaches a solution of sulph- 
indigotic acid. 

Plumbic peroxide combines directly with the oxides of po- 
tassium, sodium, calcium, and even lead, forming salts called 
•plumbates, having the general formula M2Pb03. Potassium 
plumbate occurs in white octahedrons, decomposable by wa- 
ter. Plumbic plumbates form the various compounds known 
as red-leads. The compound Ph'^^Ph'^O^, or plumbic ortho- 
plumbate, written more often PbgO^, occurs native as min- 
ium. This, as well as the meta-plumbate Ph'Th'^O.^, or Pb.^0.,, 
is produced largely in the arts as a pigment, by oxidizing 
litharge in a current of air, and then cooling very slowly. 
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I Nitnu acid decomposes these plumbates, pnxiuciiig lead ni- 
trate and plumbic peroxide. The same result ia produeed 
by much wraker acida, eueh, for example, as acetic acid. 
3G3. Plnuiblc OxMe.— Formula P!)"0.— This oxide itf 
[ lead occurs native us the mineral massicot. It ie prepared 
on the large scale in tlie arts under the name of litharge, by 
hcAting melted lead in a current of air. Its color is pale- 
Kyellow, or i>range-yeUow, according to the temperature at 
L which it is pn)duccd. It is dimoi'phous, crystallizing in 
I rhombic octahedrous and in regular d<Kiecahedrons. Its spe- 
[ cific gravity is 942, aud it fusee at a full red heat. It is 
I Boluble only in 7,U00 parts of water, but acids dissolve it 
easily, forming deliuitc salts. It is also soluble in alkali- 
hydrate solutions, and in iime-water. It is used in the arts 
iu the nianufacture of glass. 

Plumbic hydrate, H^'bO^ or Pb"{Oir)„ is known only as 
I colorless, sweetish, alkaline lic[uid, obtained by the action 
r upon lead of water and air, free from carbon di-oxide. The 
L precipitate produced by hydrates of the alkalies in plumbic 
r Bolutions is an oxv-hydrato having the composition Pb,U 
I (OH),. 

Plumbic nitrate, Pb"(NOjX, is pr<Mlnced by dissolving 
! lead or its oxide iu nitric acid and cr)'slallizing. The hy- 

I dro-nitrate H(NO./PbO, or Vb ]q|j;q\ is precipitate<I 
I from the nitrate by adding ammonium hydrate in small 
quantity. Plumbic carbonate, PbCO,, occurs native as 
-cerusaite; a hydro -carbonate, Fb,(CO,)jf OH ),,, is much 
used as a pigmeut under the nuiue of white-lead. Plumbic 
sulphate, PbSO,, which occurs native u6 anglesite, is pre- 
cipitated from solutions of lead on adding sulphuric acid or 
soluble sulphates. 

364. PluniboiiH Oxide. — Formula PbjO, — When lead 
[ oxalate is heated to 300° in a closed vessel, a lilack velvety 
I powder is obtained, which ia plumbous oxide. It contains 



272 INORGANIC CHEMISTRY, 

no metallic lead and no plumbic oxide ; but takes fire when 
heated in the air, producing this oxide. 

RELATIONS OF THE GROUP. 

365. This group includes germanium, tin, and lead. Ger- 
manium was discovered in 1886 by Winkler, in a Freiberg 
silver-ore, and is remarkable as being one of the three ele- 
ments whose properties w^re predicted by Mendel^eff by the 
aid of the periodic law. It is extremely rare. The members 
of the group are closely allied, and show a distinct grada- 
tion of properties as the atomic mass increases, germanium 
being the most strongly electro-negative and lead the most 
strongly electro-positive. They all form halogen compounds 
of the types MX2 and MX^, and oxygen and sulphur com- 
pounds of the types MO and MS, MO2 and MS2 ; the latter 
acting negatively and forming salts with the alkalies. The 
hydrates of germanium and tin act as weak acids. 
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EXERCISES. 
§1- 

, 1. How does tin occur in nature ? How is it obtained ? 

2. What mass of "tin salts" will 260 kilograms of tin yield? 

3. "What volume of chlorine is contained in a gram of stannous 
chloride? Of stannic chloride? 

4. To give a kilogram of stannic sulphide requires what mass of 
tin? 

5. Mention the minerals in which lead occurs. 

6. Write the chemical reactions which take place in obtaining 
lead from galenite. 

7. 1,000 kilograms of galenite yield what volume of SO2? 

8. What mass of metallic lead would be obtained ? 

9. Calculate the volume occupied by a kilogram of lead. 

10. What are the objections to the use of lead water-pipes? 

11. How is a lead pyrophorus prepared ? 

12. What volume of chlorine is contained in the plumbic chloride 
required to saturate a liter of water? 

13. What mass of sulphur may be burned by one gram of lead di- 
oxide? Write the reaction. 

14. Give the rational constitution of the red-leads. 

15. One cubic decimeter of lead will give what mass of litharge? 

16. How many kilograms of white-lead can be obtained from 1,000 
kilograms of lead? 
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CHAPTER EIGHTH. 

THE PLATINUM GROUP. 

§ 1. Platinum. 

Symbol Pt. Atomic musa 194'3. Valence II and IV. 

366. History and Occurrence. — ^Platinum was brought 
to Europe from South America in 1735 by Ulloa, and in 
1741 by Wood. It was first described by Watson in 1750, 
and independently by Scheffer in 1752. It derives its name 
from the word platina, the Spanish diminutive of plata, silver. 
It occurs native usually in rounded grains, though sometimes 
it is found crystallized in octahedrons. It is rarely pure, the 
native platinum containing gold, iron, and copper, besides 
iridium, ruthenium, osmium, rhodium, and palladium, its 
natural congeners. It occurs not only in South America, 
but also in Russia, in Borneo, and in California. 

367. Preparation and Properties. — Native platinum 
was formerly purified by the method of WoUaston, which 
consists in treating the crude metal first with nitric acid 
and then with hydrochloric acid, and afterward with boiling 
aqua regia. By the latter treatment, the platinum, palla- 
dium, and a portion of the rhodium are dissolved, while a 
mixture of iridium, rhodium, osmium, and ruthenium, known 
as iridosmine, is left. The platinum is thrown down from 
its solution by ammonium chloride, as ammonium chloro- 
platinate. This, on ignition, leaves the metal in a finely- 
divided state known as spongry platinum, which is con- 
densed into a cake by powerful pressure, and is then welded 
at a white heat into a homogeneous mass. 
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Latterly, however, Deville's method has almost entirely < 
superseded thai of Wolliiston. In this the erinle platinum 
is melted with an equal weight of lead sulphide and half 
its weight of metallic lead ; in this way the platinum h dis- 
solved, leaving the iridosmine. The platiunm-lead alloy is 
then melted and exposed to a current of air, by which the 
lead is oxidized, the oxide flowing off bp flag, and the plati- 
num being left as a porous mase. This is then placed in 
a furnace made of lime (Fig. 
yS), and by means of two 
powerful osy-hydrogen jets, it 
is melted auti cast into ingots. 
MaEses weighing 100 kiln- 
grams have been produced 
by this process at one fusion. 
The melted mass absorbs oxy- 
gen, aud evolves it again on 
cooling, like silver. 

Platinum is a brilliant white 
metal, with a tinge of blue. 

21 '5, is extremely malleable ami ductile, and has a tenacity 
and hardness resembling that of copper. It is an imperi'ect 
conductor of heat and oi' electricity, and is infusible by ordi- 
nary menus, but yields to the oxy-hydrogen flame (1775°), 
in which it is partially volatilized. Before complete fusion 
it softens, and may then be welded. At high tem])eraturefl 
it absorbs hydrogen, and is readily permeable by this gas at 
a red heat. Platiuum is unaltered in the air at any tem- 
perature ; it is not attacked by any single acid, being dis- 
solved only by aqua regia. Fused potassium and sodium 
hydroxides act upon it ; and it combines directly with buI- 
phur. phosphorus, arsenic, and eilicon. 

Platinum possesses in a remarkable degree the property 
of condensing gases upon its surface. In the form of plati- 
u-foil, it will cause the explosion of mixed oxygen and 




It has a specific gravity of 
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hydrogen gases; but in the form of platinum-sponge it is 
much more active ; and in the still more finely divided form 
known as platinum black, it is capable of absorbing 800 
times its volume of oxygen. Platinum black, therefore, 
owing to this condensed oxygen, is an energetic oxidizing 
agent; alcohol thrown upon it is at once inflamed. From 
recent researches, Berthelot regards platinum black as a sub- 
oxide. When hydrogen acts on it, it first reduces this oxide 
and then forms a hydride with the metal. 

Owing to its infusibility and its unalterability by chemical 
agents, platinum is used extensively both in the arts and in 
the laboratory for chemical vessels. Large platinum stills for 
sulphuric acid weigh often 30,000 grams. Platinum has been 
used in Russia also for coinage. 

COMPOUNDS OF PLATINUM. 

368. Platinum Chlorides. — Two chlorides of platinum 
are known, the platinic chloride, PtCl^, and the platinous 
chloride, PtClj. The former is obtained whenever platinum 
is dissolved in aqua regia. By evaporation at 100°, a brown- 
red deliquescent mass is left, soluble freely in water, alcohol, 
and ether. It loses half its chlorine at 230°, and the whole 
at a red heat. It unites directly with alkali chlorides, form- 
ing chloro-platinates, M.^PtClg. Platinous chloride is pro- 
duced by heating platinic chloride to 230°, until chlorine 
ceases to be evolved. A dark-green powder is left, insoluble 
in water, sulphuric and nitric acids, but soluble in sodium 
and potassium hydroxides. A series of remarkable com- 
pounds is formed by the action of ammonia upon this chlo- 
ride, called the ammonio-platinum bases. 

369. Platinic Oxide, PtO.,, forms a hydrate Pt'v(OH)„ 
which dissolves in alkali-hydrates, yielding platinites. Pla- 
tinoiis oxide, PtO, yields a basic hydrate Pt"(0H)2, which 
forms salts with acids. Platinous and platinic sulphides 
are also known. 
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RELATIONS OF THE GROUP. 

370. The platinum metals, so called, are commonly di- 
vided into two sub-groups, according to the periodic law. 
Sub-group A contains osmium, iridium, and platinum, and 
}«!ub-group B, ruthenium, rhodium, and palladium. The mem- 
bers of these sub-groups are closely related : 

Sub-group A. Sub-group B. 

Os Ir Pt Ru Ro Pd 

At. ms. 1910 192-5 194-3 103-5 1041 106-2 

Sp.gr. 22-48 22-42 21-50 12-26 12-1 11-5 

the atomic masses and specific gravities being nearly the 
same for each sub-group. Ruthenium and osmium are more 
strongly negative, palladium and platinum more strongly 
positive. 
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§1. 

1. With what other elements is platinum associated? 

2. Bv what two methods is it refined? 

3. An alloy of platinum and gold has a specific gravity of 20; 
what per cent of platinum does it contain? 

4. What remarkable property has finely-divided platinum? 

5. What pressure would condense oxygen as it is condensed by 
platinum black? 

6. One gram of PtCl^ contains what volume of chlorine? 



19 
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CHAPTER NINTH. 

THE IRON GKOUP. 

(Sub-group A.) 

Chr<jmium. 

Symbol Cr. Atomic mows 52*45. Valeiice H, III, and VI. 

371. History and Occurrence. — Chromium was first 
recognized as a distinct substance by Vauquelin in 1797, in 
a native lead chromate from Siberia. Its name comes from 
/joai/xa, color, because most of its compounds are brilliantly 
colored. It occurs in nature in the mineral ehromite, or 
chrome-iron, a ferroso-chromic oxide ; also as lead chromate 
in the mineral crocoite. It forms the coloring matter of the 
emerald, and has been found in meteoric irons. 

372. Preparation and Properties. — Chromium is pre- 
pared by reducing its oxide by charcoal ; or better, by re- 
ducing the chloride by zinc or magnesium. By the former 
method, it is obtained as a steel-gray mass, highly infusible 
and extremely hard ; by the latter, as a gray-green, glisten- 
ing powder, composed of minute tetragonal octahedrons, of 
specific gravity 6*8. It is unaltered when heated in dry air, 
but burns in oxygen. It is not magnetic. 

CHROMIUM AND CHLORINE. 

373. Chromic Cliloride. — Formula CrCl,. — Chromic 
chloride is obtained by passing chlorine gas over ignited 
j)ellets of chromic oxide and lamp-black. A su])limale of 
micaceous scales, beautiful peach-blossom in color, and of an 
unctuous feel, is thus i)roduced, which is insoluble iu water 
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iinles? n trace of ehmmous cbloride is present; then it dis- 
siilvee readily. It is unaltered by oi-dinary re-agents. On 
prolonged boiling with water it dissolves, forming a green 
Holutiou, containing a hydratt. A fwluble violet modifica- 
tion is produced by heating the green hydrate in a curreut 
of hydrftchloric acid gas. It-s solution becomes green 
boiliug. The chloriue of the violet Bolution is completely i 
precipitated by silver nitrate ; that of the green solution but 
]Mirlially. 

a74. Cliroutouit Ciilorlde. — Formida CtCl,. — ChromouB 
chloride is prepared by reducing chromic chloride by hydro- 1 
gen at a gentle heat. It is a white, cryetalline substance, 
soluble in water, forming a blue solution, which by absorp- 
ti(m of oxygen rapidly becomes green. 

373. Chromic Per-flnorid*-. — Formula CrF,. — Chromic 
per-flnoride is obtained by distilling lead chromate with cal- 
cium fluoride (fluor spar; and sul]ihuric acid : 

PbCrO,+ (CbF,X+ tH,SO. ) ,= 

I'bSO.+(CaS0.),-KH,Uj.-|-(JrF, 
An orange vapor is evolved, which condenses t^i a blood-red ] 
liquid, boiling at a temperature but little above that of the ' 
air, fuming in contact with mitisl air, and decomposed by 
water, forming hydrofluoric and chromic a.c'uli'. 

CHKOMILI.M ASH OXVUEX. 

37«. CIirtHDlc Tri-uxl(U'. — FaninUti CVO,.— Chromic ] 
tri-oxide is obtained by mixing a saturated solution of potas- 
sium di<-hr(iTuate with its own volume of strong sulphuric | 
acid. On cooling, splendid crimson needles of the tri-oxide j 
crystallize out, which may be drietl on a porous tile. It is | 
ileliquescent in damp air, and is decomposed by n heat of 
250°. It is a powerful oxidizing agent; alcohol poured on 
it ill at once iuHnmcd, and ammonia gas reduces it with 
andesccuec. 
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377. Chromic Add. — Formula H2CrO^. — By solution 
of chromium tri-oxide in water, an acid liquid is obtained 
which contains chromic acid, but which is decomposed on 
evaporation, yielding only chromic tri-oxide again. The salts 
of chromic acid, called chromates, are numerous and impor- 
tant. The ortho-chromates of bismuth, B^'^CrOg, and of mer- 
cury, Hg^gCrOg, the mono-meta-chromate of lead, Pb".^CrOj, 
the di-meta-chromates of sodium, NajCrO^, and of barium, 
Ba"Cr04, and the di-chromate of potassium, KjCr^O-, are all 
well-known compounds. Potassium di-chromate is used in 
dyeing and in calico-printing. 

378. Perchromic Acid.— FonnuUi H^CrPg (?).— By the 
action of hydrogen peroxide upon an acid solution of potas- 
sium chromate, a bright blue liquid is obtained which evolves 
oxygen with effervescence, and becomes green. By agitation 
with ether, the blue substance is dissolved ; and on standing, 
it forms a bright blue layer upon the surface of the liquid. 
This reaction is a delicate test for hydrogen peroxide or for 
a chromate. 

379. Chromic O^lde. — Formula CrgOg. — Chromic oxide 
may be produced by igniting its hydrate, or by decomposing 
the tri-oxide or a di-chromate by combustibles. By passing 
chromyl chloride vapor through a red-hot tube, rhombohe- 
dfal crystals of chromic oxide are obtained, greenish-black 
in color, having a specific gravity of 5*21, and hard enough 
to scratch glass. It is generally produced in the form of an 
amorphous bright green powder, which after ignition is in- 
soluble in acids. It is used to color bank-notes green. 

Chromic oxide may act as a positive or a negative oxide, 
according to the oxide with which it unites. With the 
strongly negative sulphuric oxide, for example, it forms 
chromium sulphate, Cr,(804)3 ; while with calcium or mag- 
nesium oxide, compounds called calcium or magnesium chro- 
niites, CaCr.^0^, or MgCr.^0,, are obtained. The best known 
of these is FeCr.O^, ferrous chromite, or native clironiic 
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inm, Cliroraiuiik sulphate exists iu eolutiun in two diftereut J 
inodificatioug, one green, the other violet; with potastiium I 
Kiilphate the latter yields a double eulphate, which, cryEtal- I 
liziug in violet-red regular octahedrons with twelve molecules 
of water, is known as potaBsio-chroniinm alum, KCr(SO,)„ 
12 aij. Ortho-chromic hydrate, HjCrO,, 2 aq., ia precipitated \ 
liy ammouium hydrate from boiling solutions of chromic I 
Balte; and an intermediate di-chromic hydrate, H,Cr,Oj, 
used 36 a pigment under the name of Paunotier's green. 

380. Ciir<iiiious Oxide. — Furmula Cr"0. — Chromo 
oxide is known only in the form -of hydrate, pnKiueed hy | 
precipitating chromous chloride by potaseium hydrate. 
acts as a basic oxide, yielding chroniou8 salts. 

381. Cliromjl Chloride.— foraiuto (CrO,)"Cl,.— Chro- 
myl chloride ia prepared by distilling a mixture of sodium 
chloride and potassium di-chriiniate with sulphuric acid. It 
iw a blood-reil liquid, having a specific gravity of 1'71, and 
boiling at IIH". Its relatiou to the chromates is as follows; 
<>0,{gHcA{OH,^_jOK,^_{Cl^,^_|a| 

llndroum fli/ilni-iiolniailiim pBlattiun PulnMtum Chnmijit 

i-linmalc. rlimmtitr, clmimate, cWnnj-e/imma/e, ffttoWifc 

Pfitassiiira chlom-chromate crystallizes from a hot solution 
of pota^iium di-chromnte in hydrochloric acid, on coolii 



Maxhankwk 
S^hM Mn. Atmilc luax^ 54-8. IWw.r II, III, IV, VI, aiwt 

vn. 

38S. UlKtory and Oocurreiice. — Manganese was dift- I 
covered by ScliseJe and Bei^^nann in 1774, in a mineral 
known as braunstein. Owing to its being confounded with 
magnetic iron, this mineral had received the Latin name 
of tliis substance, magnesia nigra; whence the name mag- 
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nesium first given to the new metal obtained from it. This 
name was afterward changed to manganesium, to distinguish 
it from the true magnesium, obtained from the magnesia 
alba. Manganese occurs somewhat abundantly in nature, 
combined principally with oxygen. The mineral pyrolusite 
is manganese di-oxide ; hausmannite is manganoso-manganic 
oxide ; and manganite is manganic hydrate. Manganese sul- 
phide, arsenide, carbonate, and silicate are also known as 
minerals. 

383. Preparation and Properties. — Manganese is ob- 
tained by reducing its oxide by charcoal at a high tempera- 
ture. It is a grayish-white, hard metal, resembling cast iron, 
and very brittle. It is feebly magnetic and has a specific 
gravity of 8. It oxidizes readily in the air, and dissolves 
easily in acids. It forms a remarkably beautiful alloy with 
copper, and it is largely used in the Bessemer steel process, 
in the form of a rich alloy with iron, called spiegel-eisen. 

MANGANESE AND CHLORINE. 

384. Maugranlc Chloride. — Fcnrmuh MnCIj. — Man- 
ganic chloride is a very unstable compound, obtained by 
dissolving manganic oxide in hydrochloric acid at a low 
temperature. It is a brown liquid, readily evolving chlo- 
rine and becoming manganous chloride. 

385. Mangranous Chloride. — Formula MnCl.^. — Man- 
ganous chloride, obtained by heating the hydrated com- 
pound, or by the direct action of chlorine on manganese, is 
a pale rose-colored deliquescent mass, which dissolves readily 
in water, forming a definite hydrate. The same hydrate is 
formed whenever manganese oxide or carbonate is dissolved 
in hot hydrochloric acid. 

MANGANESE AND OXYGEN. 

386. Manganic Trl-oxlde.— Fon/i<^/a Mu^'O,.— Neither 
manganic tri-oxide nor its corresponding hydrate, manganic 
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iU'id, is km.wu ill the Jiw -^liite. Their Mills, h.iwt-ver, taliedil 
iiianganales, lire well-known uwrnpouudj'. Potassium uiauga-T 
uate, KjMdO,, jr: proiliiced whenever niaugauese couipoun«)8 I 
are- heateii with piitaatiiim bydrate or cai'bonate. A deep J 
grecD niase roBults, which, dissiilvt^l iu water and evaporaterfa 
in va«uo, aSoitls dark green crystals, isomorpbous wi 
lasaium sulphate. The maDganates are all unstable, pa88ia|^^ 
readily intii periuanganates and depositiug manganese di-C^ 

387. Periuausanlc 0\iAe. — Foniinla Mn,0..— Wheftl 

sulphuric acid and potassium permanganate are mixed to-1 
gether, previously cooled to a low temperatui-e, a dark-col-] 
ored oily liquid separateH which is" supposed to have this C' 
position. It (ixidizes and iiill»mes organic Bubt^aiii^s, and ' 
may be converted into violet-colored vajmrn, wbi»'h explode 
when heated rapidly. 

388. Periiiunsaiiic; Acid. — Fornmtu HMnO,. — By treat- 
ing barium permanganate with sulphuric acid and evaporai- 
ing the solution in vacuo, permatiganic acid is obtained in 
the forni of brown crystals. It is deliquescent, diasolvee in 
water with a red color, and decomposes at 32°, evolving 
oxygen. Its ^Its, the jjcrmauganates, are more stable than 
the raanganates. Potassium permanganate is prepared by 
removing a portion of the base from the manganate, by 
passing through its solution a current of chlorine gas: 

(K^MnO,), -t- 01, = (Ka), -J- (KMnO.X 

The color of the liquid changes front green lo purple-red, 
and on evajwratitm yields dark purple-red ortho-rhombic J 
cr3Tt«l8, soluble in sixteen tim,es their weight of water, and I 
isomorphouH with potassium perchtorale- Permanganates 1 
act as strongly oxidizing ageuts, and are used extensively J 
as disinfectants. 

380. IVInngriinlc Oxldt!. — Fanimla Mn,0,. — Manganic I 
oxide is produced when mauganic hydrate or manganeM I 
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di-oxide is heated to low redness. It is a black powder, 
uniting witK strong acids to form salts. Manganic sulphate 
forms an alum with potassium sulphate, having the formula 
KMn(S0j2, 12 aq. Manganic hydrate, HMnO.^, exists na- 
tive as the mineral manganite. 

890. Mang:anese Dl- oxide. — Formula Mn'^O.^. — The 
di-oxide of manganese occurs native as the mineral pyrolu- 
site, in steel-gray ortho-rhombic prisms, of specific gravity 
4*9. It is produced whenever a lower oxide is heated with 
free access of air. When heated it gives off oxygen, and is 
extensively used in the arts as an oxidizing agent at high 
temperatures. Heated with sulphuric acid, it evolves oxy- 
gen and forms manganous sulphate ; with hydrochloric acid 
it evolves chlorine. With basic oxides, manganese di-oxide 
forms manganites such as CaMnOj and K^Mn^Og. 

391. Manganous Oxide. — Formula Mn"0. — Manga- 
nous oxide is obtained by igniting manganous carbonate or 
oxalate in an atmosphere of hydrogen. It is a grayish-green 
powder, which has been obtained crystallized in emerald- 
green regular octahedrons. Its hydrate is thrown down as a 
white precipitate on adding a solution of potassium hydrate 
to one of a manganous salt. It quickly becomes brown on 
exposure to the air. Manganous oxide unites directly with 
negative oxides to form the manganous salts. Manganous 
sulphate, MnSO,, manganous carbonate, MnCO.^, and man- 
ganous silicate, MnSiO.^, are examples. They all have a deli- 
cate pink color. 

( Sub-group C.) 

§ 1 . Iron. 

Symbol Fe. Atomic muf^s 55*88. Valence II, III, IV, aiifl VI. 

392. History and Occurrence. — Iron is one of the 
most important, as it is one of the most abundant, of metals. 
It has been known from the earliest historic times. Tubal 
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Cain heiug an artificer in this metal. Even in [ire-liititorii' 
tinicH, inij)lpiueota made of it seem to liuve been used. It in 
doubtful whether it uceun' native; the native iron found (in 
the earth's surface containing generally nickel, and bein^i: 
of meteorii.- origin. Its ores, however, are very aunierout'. 
Among these may be meutJoued : t'erroso-ferric oxide or niag- 
uetiK;, Fe^O, ; ferric oxide or hematite, FCjOj ; ferric Iiy- 
(Irate or limonite, H.Fe.Oj; and ferrous earbonale or siderite, 
FeCO,. It ficcurs also in nuinerouB other miuerali*, and in 
vegetables and animals. 

303. Pr'epnratloii and Properties. — On the large scale 
in tiie arts, iron is produced either friini the native oxide or 
from till! artificial oxide obtained Ijy roai!ting the native car- 
bonate or hydrate. Alternate layers of the ore, of the fuel, 
and of liinet^ne are placed iu an enormous furnace, shaped 
like a d<juble cone interiorly, and forty to sixty feet in 
height ;. whence it is commonly called the "high furnace." i 
A piwerful blast of hot air euters at the. bottom, and the 
conibiwtible matter, at the high temi>crature produced, r^ I 
moves the oxygen from the ore, tliuc reducing it to the i 
tallic state, accorliug Uf the equation : 



Fe,0, -f C„ 



Fe, 



«'0), 



The limestone unites ' 

preBenl, forming an easily fusible i 



ind other Impurities 
bilicate, which coUectij 
alM)ve the melted iron and is drawn oft' hk fclag. After the 
iroD is reduced to the metallic etate, it takes up more carlwm, 
becomes fusible, melts, and runs down to the iMittom of the 
furnace, accumulating in a narrow cylinder iMlled the cru- 
cible. When this is full, it is tapped by driving in the clay 
plug which closes the opening, and the melted iron runs 
down a suitable channel into molds made in the sand tor 
its reception. The manufacture of cast iron in the high- or 
blast-furnace is a continuous c)peration ; the materials are 
(M)nstantly added above, the slag and melted iron are drawn 
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off from below, usually twice a day ; and thi;> is kept up until 
the furnace wears out. The iron thus made is known as cast 
or pig-iron. Three varieties are distinguished ; white pig-iron, 
which is hard, brittle, and crystalline, uniformly brilliant and 
white, of specific gravity I'd, and readily fusible; gray pig- 
iron, which is granular in structure, gray in color, very soft, 
of specific gravity 7'1, and difficult of fusion.; and mottled 
pig-iron, which has intermediate properties, but is stronger 
than either. The gray iron has generally least carbon, its 
color being due to a separation of a part of this carbon as 
graphite during the cooling. Hence the same metal sud- 
denly cooled, as when *' chilled" or cast in iron molds, may 
be hard and white*; and when cooled slowly in sand, be soft 
and gray. White iron, especially the variety known as spiegel- 
eisen, which contains manganese, contains nearly 6 per cent 
of carbon ; gray iron contains from 2 to 5 per cent. 

Iron is refined, or converted into wrought iron, by burn- 
ing out the carbon and silicon, a*s well as the impurities sul- 
phur and phosphorus. This is effected usually by the process 
called ** puddling" or ** boiling." The pig-iron is piled up 
on the floor of a reverberatory furnace, in contact with some 
of the pure ores. On lighting the fire it melts, and is con- 
tinually stirred to mix it thoroughly with the oxide. Gradu- 
ally the carbon and silicon are oxidized, the former escaping 
as gaseous carbon monoxide, the latter being retained as sili- 
cate of iron in the slag ; until finally the iron becomes pasty 
and adheres together in spongy masses. These are collected 
into balls of 25 to 80 kilograms weight, and compacted, first 
by working between powerful jaws called squeezers, and then 
between rollers, by which the slag is pressed out, and the 
iron is made into '^muck bar." The puddled bar is cut into 
short pieces, made into bundles, heated, and again passed 
through the rolls ; the operation being repeated until the 
wrought iron is sufficiently pure. By this process the carbon 
is reduced to one half of (me per cent, sometimes to even 
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lew, anil the other foreiftn mattere m more iracei-. If tliu 
iroD retain phoHphoni^, It i^ brittle when culd, uud i^ called 
"cold-short;" if it contain riulpliur, it i6 brittle when hot, or 
"red-ehort." The iron thuw oblaioed is bluUh-gray in color, 
is fibriius in Btnicture, and has a specilie gravity of 7'3 
to 7 -9. 

Pure iron may be prepared from the best cfnuniercial vari- 
eties, piano-forte wire for example, by fusing them with pnre 
iron oxide, beoeatb a layer tif glass, to keep <)nt the air, in a. 
clay eriicible. It is brilliant silver-white in color, wiiter than 
wrought iron, callable of receiving a higli polish, strongly 
inagnetic, of speeitic gravity 7"*, and crystallizes in the reg- 
ular system. When obtained by electrolysis its specific grav- 
ity is «■!. Iron is also preiiared for pharmaceutical iKie* by 
reducing Its oxide by hydrogen at a. red heat. It is then 
obtained as a black powiler, huniiiig when hcate<i in the air. 
Id it^ purest commercial form, iron lias a tenacity superii; 
to that of any other metal, except nickel and colialt. Il 
ductility is also very great, and when heated it may be rolled 
into sheets scarcely thicker than [utper. At a full red beat ' 
it becomes pasty like wax. and may then be welded. It melts 
at a high temperature, probably above 2000°. 

Steel is iron which contains from O'K to nearly 2'0 per 
cent of carbon. It is tlierefore intermediate in this respect 
between cast and wrought iron. Two metlnMls are in use for 
making steel. In the one, the wroiight-ii-on bar is heated 
with charcoal, and thus made to lake Up again a portion 
of carbon; in the other, the curlwin is bunieil out from the 
melted cast iron by a powerful current of air. Tbe former 
is known as the process of cementation. Fig. 96 representfl 
a cross-section of the furnace iy which it is effected. Tbe 
iron bars are packed in charcoal in the fire-clay chests or 
boxes shown in the figure, tbe whole covered with sand to 
exclude tbe air, and heated to redness for from seven to ten 
day*, after wbieh it is allowed t« cool down slowly. The 



288 iNOBOANtr cnKMlStUY. 

bare art niiw brittle co\ered with bh tti-" and nrc easily 
tuaible rhe> luav be at imcL piled together, bealeti, and 
rolled mt« bars i>t shear-steel or thej may be broken iu 
Biuall pieLee melted lu i rucibles of fare-cla^ with the adiii- 
tion ot a little maQganeBL di oside and cast into ingots; 




these ifijiots are afterward heated and drawn out under the 
hammer into barw. In lliit- form it i? known as "cast st^el." 
The second steel -pnreess is nanietl the BesBenier process, 
fr<im its inventor. In it a melted east iron rich in eilicou 
is run directly into larpe ivitiugbt-iron vejsels lined with fire- 
clay, called oonvertora ( Fig- 
97), where this iron meets 
with a blast of air blown in 
under a pressure of two en- . 
tire atmospheres. The silicon 
iu the iron burna vividlv, the 
air at the high temperature 
produced acting on the car- 
bon, sulphur, and other imT»ii- "''""'"■ '■'"'^""■ 

.^. ' / ' , ' File, S7. Be^i-mcr Converter. 

rities, to oxidize and remove 

them. At the end of about twenty minutes the luminous 
flame suddenly disappears, and a malleable iron containing 
0'3 to 0-5 per cent of carbon ie left melted in the converter. 
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Tti t.hip it- now added n suitable proporliou of white cast iron 
— called technieally spiegel-eisen — wliieh contains mangarcBe 
and sufficient carboo to eonvert the whole 'mUi steel. It ie 
then poured iut^t molde, ami tbe itigobs tJius obtained are 
hammereii or rolled, as before. Formerly, attempts were 
made tu stop the air-blufit at the right point ; but the steel 
thus made varied so widely iu ijualitj', that the proeeBs above 
described was substituted. Since the Bessemer proeesw re- 
moves the sulphur only partially, and the phosphorus not at 
all, it is evident that a cast iron as tree from these impu- 
rities as possible must be employed. By simply lining the 
converter with a mixture of clay, silica, lime, and magnesia, 
constitutiug a basic material, Thoma;^ and Gilehriflt, in IKSO, 
atlapted the Bessejuer pi-oeesB to tjie working of iron con- 
taining a notable amount of phosjihoruH. 

Hteel resembles iron very closely, being distinguished from 
it only by the remarkable property it possesses of being ex- 
tremely hard and brittle wlien beated ant! suddenly cooled. 
By eautiout- re-heating, the britlli'iiess time acijuired may be 
diminished, the steel becoming highly elastic ; this process is 
called tempering. For tlie manulaeture of tools and cutting- 
instruments, as well a*" for sjiritigs, cementatiou steel is pre- 
ferred ; but for many other puqmses, as for rails, etc., Bee- 
senier steel is said to be superior to it. 

Malleable cast iron is produced by lieating articles made 
of ordinary white cast inm t» rednet* for several hours in 
coutact with an iron oxide. A reverse cementatiou process 
takes place, by which the carb<jn is partially removed and 
the iron becomci* semi-malleable. 
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304. Fi-rrie Cliloridf. —Fn'-iimfc FeCI,.- 



ride has been found native, in crevices in active volcaniH-s. 

It is prepared by the direct action of chlorine on iron, or hy 

L^eatJng its hydrat*. A subliuiiite of iron-black iridescent 
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scales is obtained, which have a metallic luster, and are vola- 
tile a little above 100°, yielding a vapor of density 162 'eO. 
Ferric chloride is deliquescent, and dissolves in water with 
a hissing noise, forming a hydrate. This hydrate is also pro- 
duced by dissolving iron in hydrochloric acid, heating the 
solution, and adding nitric acid so long as nitrous gas is 
evolved. On evaporation, orange-red rhombic crystals are 
deposited having the composition FeCl2, 3 aq. 

395. Ferrous Chloride. — Formula FeCl.^. — When clilo- 
rine or hydrogen chloride gas is passed over iron filings in 
excess, heated to redness, ferrous chloride is obtained in 
white shining hexagonal scales, which have a specific gravity 
of 2*5, and are deliquescent in moist air. Ferrous chloride 
is soluble in two parts of water, and the solution, evaporated 
and cooled away from the air, deposits bluish-green, mono- 
clinic crystals, having the composition FeCl.^, 4 aq. Ferrous, 

like ferric chloride, forms double salts with alkali-chlorides. 

• 

IRON AND OXYCJEN. 

396. Ferric Tri-oxlde. — Formula Fe^'O,. — Ferric tri- 
oxide, together with the corresponding ferric acid, are both 
unknown. Certain salts have, however, been prepared of 
analogous constitution. 8uch is potassium ferrate, produced 
by projecting iron filings, mixed with twice their weight of 
niter, into a red-hot crucible. On extracting the mass with 
ice-cold water, a deep cherry-red solution is obtained, which 
contains potassium ferrate, crystallizing in dark red prisms. 
It is very unstable, being easily decomposed into oxygen, 
potassium hydroxide, and ferric oxide. By adding barium 
chloride to this solution, a purple-red ])recipitate of barium 
ferrate is obtained, which is far more stable. It has the 
composition BaFeO,, aq. 

397. Ferric Oxiile.—Fonni(ht IVO..— This oxide of 
iron occurs abundantly in nature in two forms: one crys- 

« « 

tallized in rhombohedrous and mirror-like, called specular 
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1 ; [lie othtT ciiluuiiiur iir fibrijus, «jmetiiiie,s amorpbuiiJ' 
I or oolitic in structure and blood-red in color, wlietiuc it is 
I called hematite. Artificially, it may be obtained in rhonibo- 
heOral crystals by igniting the amorphous oxide in a slow 
current of hydrogen chloride gas ; and as an amorphous pow- 
der by igniting ferric hydrate or ferrouN oarbonate or oxalate. 
This latter variety is utied lor jMilishing metals and gliiaei, 
under the name of rouge, crocus, or colcothar. Itfi Bpecific 
gravity is about 5. It is reduced to the metallic state whfu 
I heated in hydrogen. After ignitiijn it is almost insoluble in 
I acids. 

398. Ferric HyilrateM exist also in nature, ortho-ferric 
hydrate, H,FeOj, in the mineral limnite, di-terric hydrate, 
HjFejOs, in xanthosiderite, and meta-ferric hydrate, HFeO,,, 

11 gothite, beside other antl iniermediate forms. Ortho-ferric 
I hydrate ie precipitated, on adding ammonium hydrate to a 
I solution of ferric chloride, as u bulky browui«h-red precipi- 
r tote, which loses water upon drying and fornw a yellowish- 
brown pmder. Moirii ferric hydrate forma the best antidote 
in cases of art^'nicul poistjuiug. It is used alwi in calico- 
printing UK a mordant and iu purifying gas. 

399. FeiToso-ferrli- Oxide. — Fimmila Fe"Fe,"'0,.^ 
This oxide of iron occurs native as the minei-al magnetite, 
crystallized in regidar octnhedroui'. The same crystalliue 

I form in obtained artificially by fusing ferric phosphate with 
' three or four times its weight of iJ<idi(iiii cnlphiUe. Thin oxide 
■ in tile aiuor|thoui< foriu is priKJiiccd i^hcu irou i^ heatetl to 
redness in oxygen or steam. It IViriiis the protei'ting roatiug 
in the processes of Burtl' nod Bower. It is ft hard, black, me- 
tallic-like solid, of specilii' gravity O'O, and highly magnetic. 
It is one of the miKit valuable of iron ores, containing 72 jier 
cent of this metal. Fcrmso-lerrie {ixidc may Ire regarded as 
fermuB ferrite, derived from ferric hydrate, HFeO, ; analo- 
gous to ferrous ehnmiite, Fc"Cr,0|. Other similar compounds 
are uiagncHium ferrite, Mg"Fe.O„ known as the mineral 
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magnesio-ferrite ; and zinc ferrite, Zn"Fe.^O^, or franklinite, 
in which, however, a part of the zinc is replaced by iron and 
manganese. Ferroso-ferric hydrate is precipitated by am- 
monic hydrate from a solution containing ferrous and ferric 
salts in suitable proportions, as a brownish-black, dense mass, 
which dries to a brittle, strongly magnetic powder. 

400. Ferrous Oxide. — Formula Fe"0. — Ferrous oxide 
may be obtained by igniting ferrous oxalate in a close vessel, 
a« a black powder, which takes fire in the air and produces 
ferric oxide. Ferrous hydrate is precipitated whenever solu- 
tions of alkali-hydrates are added to solutions of pure ferrous 
salts, both being free of air. White flocks are thus produced 
which, dried away from the air, have but a slight greenish 
tinge, but which on exposure take fire and burn to ferric 
oxide. It has a strong reducing action. 

Ferrous oxide forms a numerous and important class of 
salts. United to sulphuric oxide, it forms ferrous sulphate, 
FeSO^, known in commerce as green vitriol or copperas. It 
is produced on the large scale by exposing ferrous sulphide 
— obtained by roasting ferric di-sulphide, or pyrite — ^to the 
weather, by which it is oxidized : 

FeS + (0,j, = Fe"SO, 
It is also the product of the action of sulphuric acid on 

'"'''• H/SO, -f Fe = FeSO, + H, 

By evaporating its solution, pale green monoclinic prisms 
crystallize out, having the formula FeSO^, 7 aq. The same 
salt occurs native as the mineral melanterite. The crystals 
effloresce in dry air, and lose all their water at 300°. They 
are soluble in one and a half parts of water at 15°, but are 
insoluble in alcohol. Both the crystals and their solutions 
readily oxidize in the air. When heated to redness, previ- 
ously perfectly dried, it gives off sulphurous and sulphuric 
oxides, leaving a pure ferric oxide. It is therefore used 
for preparing the Nordhausen or di- sulphuric acid. It is 
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employed iu the arts aliw for djoing, for tanning, and for 
uiakiog writing-iuk. 

FerrouB carbonate, FeCOj, occurs native ae eiderite, or 
Bpalhie-iron, in ohtUMe rhombohedrons, liglit grayish- white id 
coior, and of specific gravity 3'S. It ie thrown down, on the 
addition of a »)lubte carbonate to a solution of a ferrouu 
Bait, as a white precipitate, rapidly passing into brown fer- 
hydrate on drying. It ia soluble in water containing 
carbonic acid ; occurring native in this form in chalybeate 
springs. 

IRON AND 6CLPHUK. 

401. Ferric Di-anlpWde.— /"ormu/a Fei'S^.— This sul- 
phide of iron occurs native in two forms; one braBS-yollow 
and i«ometric, called pyrite ; the other white and orthnrhora- 
bic, called marcasite. Buff suggests for pyrite the formula 
S^Pe^S, and for marcasite, Fe=S^S. Both varieties, on 
heating in close veeeelH, give off sulphur and yield the mag- 
.netic sulphide, Fe^S.. 

402. Ferrous SidpUde. — Fonnula FcS.^Fernius sul- 
phide is produced by the direct union of sulphur and iron, 
an when iron wire buruB in eulphur vapor, or when ilie two 
substances are melted together in suitable proportions. It 
is a grayish -yellow solid, with a metallic luster and crystal- 
line Etructure, and easily fusilde. When finely divided it is 
oxidized to ferrous sulphate on exposure to the air. With 
acids it evolves hydrogen sulphide gas. It is precipitated 
from ferrous solutions by alkaline sulphides, as a hydrate. 



S 2. NirKFJ. Axi) CimALT. 

Nickel.— .Si/»iW Nl. Almiie. „uu» 68-56. Vjih-m-^ II. Ill, 
<tmt IV. 

4011. HiBtory niid OccurreiK-e.— Nickel is one of the 
I leBf eoniiuon metals. It was dii>c»vere<l by Oronstedt in 

1751, in a copper-culoreil ininei'al, to which, having failed 
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in attempting to extract copper from it, the miners had ap- 
plied in derision the name kupfernickel. From this mineral 
the name nickel is derived. Nickel occurs free in nature 
only in meteoric irons ; in combination it exists in many min- 
erals, as niccolite (kupfernickel), NiAs; gersdorffite, (NiS)".^ 
Aej; ullmannite, NijS^CAsSb).^ annabergite, Ni3(A80j2; zara- 
tite, NiCOj,, with nickel hydrate; and morenosite, NiSO^, 
7 aq. 

404. Preparation and Properties. — Nickel is gener- 
ally obtained commercially either from kupfernickel or from 
an artificial arsenide produced in the manufacture of smalt, 
and known as speiss. These arsenides are roasted to drive 
off the arsenic, are then dissolved in hydrochloric acid, the 
antimony, bismuth, copper, etc. precipitated as sulphides and 
removed, the iron after oxidation precipitated as ferric oxide 
by ammonia, the ammoniacal solution exposed to the air, 
and the nickel thrown down by potassium hydroxide. The 
dried precipitate is formed into cubes one or two centimeters 
on a side, mixed with pulverized charcoal, and placed in 
intensely heated fire-clay cylinders. The nickel oxide is re- 
duced, though not fused ; the small tubes of metallic nickel 
which are drawn from the bottom of the cylinders being sent 
in this form into commerce. Nickel is a pure silver-white, 
ductile and malleable metal, of specific gravity 8*6. It is 
exceedingly infusible, and has very great tenacity. It is 
magnetic, but loses this property at 350°. It tarnishes in 
moist air, oxidizes readily at a red heat, and is dissolved 
somewhat slowly by acids. It is largely used for making 
German silver, which is an alloy of nickel with copper and 
zinc. 

Cobalt. — Symbol ih. Atomic vigm 58*74. Valence II, III, 
and IV. 

405. History and Ooeurren<*e. — The property of cer- 
tain cobalt compounds to color gla*« blue was known to the 
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I aucient Greekii luid Rumanis. lis orei? were I'mg kniiwn to 
the Gerriiaii miiiere under the name of cobalt, a tcriu derived 
from kobold, the evil spirit of the luiues, who, as they sup- 
jwsed, tantalizingly uffered them au ore rich iu appearance, 
but worthleBf. The metal was firet jirepared by Brandt iu 
17^13, and mure fully filudied by Bergmann iti 1780. Co- 
balt occurs in nature in email quantity in meteorites, but 

I principally iu the minerals smaltite or speistsoobalt, cobaltit* 
»r cobalt-glanco, erytlirite or cubalt-bloom, and asbolito or 
iarihy cobalt. 

406. Prpparutiou and Propertle!*. — Cobalt may be 
. obtained by reducing its oxide — obtained from the ammn- 

niat-al solution mentioned under nickel — with charcoal or in 
a current of hydrogen. It may also be obtained by igniting 
the oxalate. Cobali has a steel-gray color, with a tinge of 
red; it is hartl, ha^ a granular fracture, a specific gravity 
of 8-7 to H-Si, aud ie malleabie at a red heat. It takes up 

' carbon and becomee fusible in an ordinary furnace. It is 
re raagnetic than nickel, anj retains its magnetism per- 
manently. When massive, its surface becomes tarnished on 
exposure to moist air. It oxidizes readily at a red heat, and 

I bums in oxygen. Sulphuric and hydrochloric acids dissolve 
it slowly with the evolution of hydrogen. Nitric acid acts 

I upon it readily. 

407. Compounds of Cobalt. — Cobalt forms both cobalt- 
lus and cobaltic com|KiundB. Of these, cobaltouB chloride, 

CoClj, a blue solid which forms a piuJs hydrate — hence need 
for a sympathetic ink; cobaltous nitrate, Co"(NO,)^, a 
rose-red salt used as a blow-pipe re-agent ; oobaltooa sul- 
phate, C'oSO,, a light-red salt crystallizing with seven mole- 
cules of water, and isnmorpbous with ferrous sulphate ; aud 
cobaltic oxide, Co./"0^, and the remarkable cobaltaminee, 
ri>*eu-, purpureii-, xautho-, and hi le<i-coba]t, may here be men- 
tinned. Snaalt is an impure coballims silicate, made by 
fusing llie rojiKtcd ore with p<itii*'iuni carbouale iimi pulver- 
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ized quartz. A deep blue glass is thus obtained, which is 
poured into water and thus finely divided, in which state it 
is sent into commerce as a pigment. Zaffire is a very im- 
pure oxide of cobalt, prepared by roasting the arsenical ores 
and mixing the product with twice its weight of sand. It is 
used for coloring glass blue. Thenard's blue is made by 
igniting alumina and cobalt phosphate in a covered cruci- 
ble. Rinman's green is produced by treating mixed zinc 
and cobaltous oxides in the same way. Both are used as 
pigments. 

RELATIONS OF THE GROUP. 

408. The periodic law requires the metals of this group 
to be arranged in three distinct sub-groups. In the first is 
placed chromium, molybdenum, tungsten, and uranium. In 
the second is placed manganese, and in the third is placed 
iron, nickel, and cobalt. The elements of the first sub-group 
have a striking resemblance in properties to those of the sul- 
phur group, the acid oxides CrO,, M0O3, WO3, and UO.^ cor- 
responding to SO3, SeOjj, and TeO, ; their salts in many cases 
being isomorphous. In the second group manganese resem- 
bles the chlorine group, Mn^O^ and HMnO^ corresponding to 
Cl.^0- and HCIO^, the permanganates being isomorphous with 
the perchlorates. On the other hand, both chromium and 
manganese show strong affinities with the iron sub-group, 
especially on their basic side ; the acidic character being most 
strongly developed in chromium, the basic character in iron. 
Moreover, in the entire group there is an odd valence, the 
valence in general being even. The vapor-density on the 
whole does not sustain the doubled formula M.^C1„. 
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EXERCISES. 

1. How does chromium occur in nature? Why is it so called? 

2. What valences has it in its oxides? Its chlorides? 

3. Write the graphic formula of mercuric ortho-chromate. Of 
lead mono-meta-chromate. Of barium di-meta-chromate. Of potas- 
sium di-chromate. 

4. By the following reaction 

K.fiv.,0, -\-C^ = Cvfi^ + K2CO3 + CO 
how much Orfi^ will a kilogram of K-^Cr^O^ yield ? 

5. Write the reaction in preparing manganese. 

G. What mass of potassium permanganate may be obtained from 
a kilogram of MnOg, the reaction being: 

(MnO,), + 03 + K,0 = (KMnO,),? 

7. Calculate the percentage composition of tnanganous silicate. 

§3. 

8. What per cent of iron do the four ores mentioned contain ? 

9. How is cast iron obtained ? What are its varieties ? 

10. Wbat is the mass of a cubic dekameter of gray iron? 

11. What are the cheinical changes in the refining of iron? 

12. Give the chemistry of the two processes for steel. 

13. In what do cast iron, wrought iron, and steel differ? 

14. 250 grams pure iron are burned in an excess of chlorine. What 
compound is formed? What mass of it? 

15. Answer the above questions, using oxygen in place of chlorine. 

16. What percentage of water is there in the mineral gothite? 

17. 1,000 kilograms pyrite are roasted and exposed to the weather; 
what mass of crystallized ferrous sulphate may be obtained by its 
oxidation? 

18. One cubic centimeter of spathic iron contains what volume of 
CO., ? 
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19. What percentage of nickel does niccolite contain? 

20. An iron ve8:»el weij^hs 156 grams; what will be its mass if made 
of nickel ? 

21. By what chemical process is nickel obtained? 

22. The mass of a cube of cobalt is 60 grams; what does it measure 
on a side? 

23. What mass of cobaltous oxide is required to yield 36 grams of 
cobaltous nitrate? Of crystallized sulphate? 
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400. History imd Ofcurrenoe. — Cupper had been 
iimwn f'mm the earliest tittiei*. The Romans obtaiued it 
tVom the inland of Cyprus, and called it Eiee cyprlum, a 
term which afterward het-ame cuprum, IVom wliifh the Eng- 
lish word copper Is derived. Copper is found abimdantly in 
nature both free and in combination. Nativo c-opper occurs 
in inawee of great size near Kewenaw Point, Lake Superior, 
one of which weighed over 400 lone. The workable ores 
of copper are the oxides cuprite and melaconite; the sul- 
phides chalcocite, covellite, bornite, and chalcopyrite ; the 
siilph-antimonite tetrahedrite, and the carbonateK malachit« 
and anurite. 

410. Preparation nnd PrniiertieB. — The method ap- 
plied fur the extraction of copper varies with the ore under 
treatment. The oxides and carbonates are simply heated 
with charcoal or other fuel, with the addition ol' some silice- 
ous 8ux. The sulphides which contain iron are first n)aeted, 
by which the iron sulphide becomes oxide, and some copper 
oxide is produced. The mass ii* then fused with silica, thus 
forming a slag containing the inm as silicate, while a purer 
copper sulphide ie left. By repeating this roasting and the 
Kubeequent fusion several times, a nearly pure copper sul- 
phide ia obtained. This is again r<)asted, the copper oxide 
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now produced acting upon the copper sulphide to give me- 
tallic copper, thus: 

' Cu,S + (CuO), = SO, + Cu, 

The metal is refined by being kept melted for many hours 
with free access of air. The more oxidable metals, together 
with some copper, pass into the slag as oxides, while some 
of the copper oxide dissolves in the melted metal. To re- 
move this, it is stirred with the trunk of a young tree, by 
which this oxide is reduced, the copper becoming at the 
same time tough and fibrous. If this ** poling" be continued 
too long, the metal is made brittle again. Perfectly pure 
copper may be obtained by electro-deposition, or by reducing 
the oxide by a current of hydrogen gas. 

Copper is a lustrous metal, flesh-red in color, and some- 
what softer than iron. It crvstallizes in isometric forms, 
has a specific gravity of 8*95, and conducts heat and elec- 
tricity readily. It may be drawn into fine wire or beaten 
into thin leaves. Its tenacity is considerable, a wire two mil- 
limeters in diameter sustaining a weight of 140 kilograms. 
It melts at about 1054°, and is volatile at a very high tem- 
perature. It is unaltered in ordinary air when massive, 
though when finely divided it often takes fire spontaneously. 
When heated to redness, scales of oxide form on its surface. 
It is attacked readily by chlorine and sulphur and by nitric 
acid. Weak acids and alkalies and saline solutions act on 
it slowly in presence of the air; hence, as all its salts are 
poisonous, any thing to be taken as food should not be pre- 
pared in vessels made of this metal or any of its alloys. 

Copper finds extensive use in the arts, both as such and 
in the form of alloys. The alloys of copper with tin and 
aluminum have been mentioned. With zinc it forms the 
well-known alloy brass, of which yellow- or sheathing-metal 
and aich-metal are varieties. Sterro-metal is a brass con- 
taining nearly one per cent of tin and two per cent of iron. 
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German silver is au alloy of copper, zinc, and nickel. Phos- I 
pLoruf bruDze ie an alloj of copper and tin coutaiuing nearly j 
one per cent of pliofljiborus, which increaAeg its iiardnese and 1 
elreugth. Silieou brouze coutaiuB silicon in ])lace of plios- 
phtirus. 

COMPOtWDS OP COPPER. 

411. Cui»rift C'hl^irlde, CuCL,, is obtained by the action 
of chlorine ujwn w>pper, or by drying its hydrate at 200°. 
It is a yellowish-brown deliquescent powder, soluble in water, 
forming a green solution whieh on evaporatiou depoMit^ crys- 
tids of the hydrate, CiiC'lj, 2 aq. It forms double salts with 
the alkali -chloridfs. Cuprous chloride, CujC'lj, or ] f'^nl> 
is formed by tlie uction oi' Dietallic copper ujxjn cupric chlo- 
ride. On pouring the eohitiou thus obtained into water, a 
deoHe white crystallint' precipitate le thrown down, which 
becomes blue on exposure to air, and is fusible at a red heat. 
Its vaiHir-deusity cnrresjiondK to the formula Cu,Cl,. It also 
forms double saltw with the chloridcif of the alkali-metals. 
A cuprous hydride, C'uH, is known. 

412. Cupric Oxide, CuO, ttuciirs native as melaconite. 
It may be pre])ared by beating the metal in the air, or by 
calcining the hydrate, carbouate, or nitrate. It occurs in 
iBometric forms— perhaps also iu ortborhonibic — but is gen- 
erally massive. Its specific gravity is 6'3, and it fuse* with- 
out change at a bright-red heat. It is easily reduced when 
heated with combustible suhstunccft, and hence is used in 
organic analysis. Oupiio hydrate, Cu(OH)„ is thrown 
down as a pale blue precipitate <iu adding sodium hydrate 

a cold solution of cupric salt. It acts strongly basic, and 
forms numerous salts. Ouprio nitrate, Cii(NO,)„ is pro- 
duced when wipper is diRsolved in nitric acid. On evapora- 
tion, bright blue crystals separate, which have the formula 
Ch(NO,)„ 3 aq. Oupric sulphate, CuSO., commonly known 
8 blue vitriol, is obtained by dissolving the oxide, carbonate. 



302 INOBGANIC CHEMISTRY. 

or hydrate in sulphuric acid, or by roasting the sulphide. It 
crystallizes with five molecules of water in triclinic prisms, 
which are soluble in three and one half times their weight 
of cold water. Cupric ortho-phosphate, HCujPO^, occurs 
native as the mineral libethenite. Two cupric ortho-cctr- 
bonates occur native : malachite, which is green, Ca^CO^, 
aq., and azurite, which is blue, H2Cu3(COj2- Cuprous ox- 
ide, Cu^O, forms the mineral cuprite. It is obtained by 
Teducing a solution of copper with grape-sugar in presence 
of an alkali-hydrAte. It is a bright red powder, isometric in 
its natural forms, and of specific gravity 6*0. Acids decom- 
pose it into cupric oxide and copper. 

413. Cupric Sulphide, CuS, is found native as the min- 
eral covellite. It is hexagonal in its crystallization, is of a 
bluish-black color, and has a specific gravity of 4*6. It is 
precipitated from cupric solutions by hydrogen sulphide. 
Cuprous sulphide, Cu.^8, also occurs native, forming the 
mineral chalcocite. It is produced abundantly in smelting 
copper. It crystallizes in orthorhombic prisms, is blackish 
lead-gray in color, and is easily fusible. It acts as a sulphur 
base, forming cuprous sulph-arsenites and antimonites. 

§ 2. Silver. 

Syi)ibol Ag. Atomk ma^ 107*66. Valence I and III. 

414. History and Occurrenee. — Silver has been known 
in the metallic form from the earliest historic times. It oc- 
curs native, both crystallized and massive, and is found also 
in combination, as sulphide, in argentite ; as sulph-antimo- 
nite, in pyrargyrite, miargyrite, and stephanite ; as chloride 
in cerargyrite ; as bromide in bromyrite ; as chloro-broraide 
in embolite, etc. 

415. Preparation. — The process employed for the ex- 
traction of silver varies with the quality of the ore. At 
Freiberg, the ore — an impure sulphide — is roasted with ten 
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per rent of ealt, the renultiDg mass is ground to a fine pinv- 
(ler, and agitated io revolving harreU containing water and 
Bcrap iroD, by which the silver chloride ik reduced to the \ 
metallic etate. Mercury is iheu added to dissolve the silver, 
and by-distilling the amalgam thus obtained the silver is left 
pure, A crude modiiicatiou of this process is employed in 
Mexico and Chili. Much of the lead of commerce is argen- 
tiferous. To exlraet the silver from it, the lead is melt«d in 
large iron pot^, and allowed to cool gradually. Crystals nf 
pure lead separate, while the alloy of silver and lead remaine i 
fluid. These crystals are removed and re-melted, and again 
allowed to cool ; so that ultimately, by a eonlinuation of the 
process, a very rich alloy is obtained, which may contain 300 ' 
ounces of silver to the ton. Thie alloy is then cupelled ; i. t 
it is meltal in a reverberatory furnace, whose hearth is com- 
posed of bone-tisb, and the lead oxidized by allowing a cur- 
rent of air to pass over it. The lead oxide thus formed fuses 
and is absorbed by the bone-a«h, while the silver, being un- 
altered, is finally left pure. Native copper containing silver 
is separated from the silver by electrolysis. 

41B. Properties. — Silver is a remarkably white, brilliant ' 
metal, of specific gravity lO'.i. It is harder than gold, but 
may be hammered into leaves only one four-thousaudth of a 
millimeter thick, and drawn into wire m fiue that two thou- 
wtnd met«rs W'juld weigh but one gram. It has a high teuat;- 
ity, the weight of S') kilograms being required to break a 
wire of silver two millimeters in diameter. It \» the best 
conductor of heat and electricity known. It is fusible at 
about 954°, and may be distilled at a full white heat. It 
may he obtained in isometric crystals by slow cooling. When 
melted it is capable of absorbing twenty-two limes itu vol- 
ume of oxygen gHfl, which is ng»in evolved when it solidities. 
It 18 unaltered in the air at any temperature, though it is 
readily acted on by chlorine, by sulphur, and hy phosphorus. 
Nitrie acid dissolves it eaeily, sulphuric and hydnx-hloric 
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acids with difficulty. It is not attacked by melted niter nor 
by fused alkali-hydrates. 

417. Uses. — Owing to its softness, silver is rarely used 
alone. It is generally alloyed with copper, which, while it 
increases its hardness, scarcely injures its color. The coin- 
alloy of the United States and France contains 10 per cent 
of copper; that of England, 7*5, and that of Germany 12*5 
per cent. The silver used in silver-plate contains usually 
from 70 to 95 per cent of pure silver. 

COMPOUNDS OF SILVER. 

418. silver Chloride, AgCl, occurs native as cerargyr- 
ite. It may be obtained by the direct union of silver and 
chlorine, or by precipitating a solution of silver nitrate by 
a chloride. A white, curdy mass, soluble in ammonium hy- 
drate, but insoluble in nitric acid, is thrown down, which 
on drying becomes a white powder. AVhen heated it fuses, 
and on cooling solidifies to a crystalline, translucent, sectile 
mass resembling horn, whence the name horn-silver, some- 
times applied to it. It has a specific gravity of 5*4, crystal- 
lizes in isometric forms, and turns black on exposure to light. 
For this latter reason it is used in photography. 

419. Silver Oxide, Ag.p, is usually prepared by adding 
a strong, hot solution of silver nitrate to one of potassium 
hydroxide. It is also the product of the combustion of silver 
at high temperatures. It is a dark brown or black powder, 
of specific gravity 7*2, easily decomposed by heat and par- 
tially by light. It is scarcely soluble in water, though am- 
monia dissolves it readily, the solution depositing a violently 
explosive crystalline compound, probably the nitride, Ag^N, 
upon exposure to the air. Silver hydrate, Ag(OH), is a 
strong base, reacts alkaline, and becomes silver oxide on 
heating to 60°. Silver nitrate, AgNO., is prepared by dis- 
solving silver in nitric acid and evaporating to crystalliza- 
tion. Transparent orthorhonibio prisiuts are obtained, which 
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B soluble ID their uwn weight of cold water. They fuse at 
a moderate heat, and ut a hi^hi-r tempemture arc decom- 
posed. Silver nitrate blackens in presence of organic mat- 
ter ; it is used therefore as a hair-dye and for indelible ink. 
Cast in sticks, it is employed as a caustic in surgery. Other 
salts of silver are tlie sulphate, Ag^SO., and the phosphate, 
AgjPO,. Silver peroxide, AgO, ii' obtaiued by electrolysis 
of silver solutions aud by the uelioD of ozone upon the metal. 
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4SO. Ocfurreuce. — Gold occurs quite widely distributed 

in nature, though in small quantity. It is fouud generally 
in ijuartz veius intersectiug ni^taniorphie rocks of various 
ages, aud in the alluvial detritus ivhich has resulted from 
the disintegration of these rocbe. To extract the gold from 
the auriferous (juarlx, the whole is finely pulverized aud then I 
treated with mercury, which dissolves the gold. By pressing 
out the excess of mercury and distilling off that which ii 
in the solid amalgam, the gold is obtained pure. The yield i 
(jf the United States gold-fields in U<li6 was 886,000,000, and 
that of Australia 430,000,000. The largest single mass was I 
found in Ballarat, Australia ; it weighed 184g pounds. 

421. Properties.— (iold is a soft, orange-yellow metal, 
of specific gravity 19-33, and very brilliant. It is very due- j 
lile, and so malleable that it may be beaten into leaves only 
one ten-thousandth of a millimeter thick. These gold leaves J 
traniimit green light, though when rendered non-luftrous by \ 
heat this light is ruby-red. tJold crystallizes in isometric 
forms, conducts heat and electricity well, and fuscf at 1035°. 
It is unaltered in the air, and i» uol attacked by any single 
acid or alkali-liydrate, though wilutiona which wintain free 
chlorine, like atjua regia, dissolve it readily. 

Gold is used both for jewelry and for coinage. Being too 
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soft for either purpose alone, it is alloyed with either copper 
or silver, the mint-alloy of the United States consisting of 
nine parts of gold and one of copper. The purity of gold 
for jewelry is estimated by the carat, pure gold being twenty- 
four carats fine ; hence an alloy of eighteen parts gold to six 
of silver and copper is said to be eighteen carats fine. Gold 
is freed from copper by cupellation, and from silver by quar- 
tation. The latter process consists in adding silver to the 
alloy until the gold forms one quarter part, and then dis- 
solving out the silver by nitric acid. The gold is left pure. 

Experiment. — Prepare a dilute solution of gold by adding to a 
liter of water a few drops of a rather strong solution of auric chlo- 
ride; then drop, ittto if one or two fragments of phosphorus of the 
size of a mustard-seed, and place the whole in the sunlight. Soon, 
often ill the course of a. few hours, the water will have a distinct 
purplish tint. This will deepen in color until finally, if the solution 
has the proper strength, a beautiful ruby-red liquid will be obtained. 
Faraday proved that the color of this liquid is due to finely-divided 
metallic gold; so finely divided indeed that, though gold is one of the 
heaviest of metals, it does not settle out of the liquid on standing. 

COMPOUNDS OF GOLD. 

422. Auric Chloride.— J^onm(/a AuCl.,.— This chloride 
is produced by dissolving gold in aqua regia and removing 
the excess of hydrochloric acid by evaporation to dryness. 
A dark red, crystalline, deliquescent mass is obtained, which 
is freely soluble in water, in alcohol, and in ether. It forms 
yellow double chlorides with hydrogen, sodium, potassium, 
and ammonium chlorides. Aureus chloride, AuCl, is ob- 
tained by gently heating auric chloride. It is a nearly white 
mass, permanent in the air, and insoluble in water. By boil- 
ing water it is decomposed into auric chloride and metallic 
gold. 

423. Auric Oxide, Au.^Oa, is obtained a^ a dark brown 
powder by digestinjj magnesia in a solution of auric chlo- 
ride, decomposing the magnesium aurate by nitric acid, and 
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drying the residue at 100°. It is decomposed by light and 
lieat, and unites readily with positive oxides to yield aurates, 
having the general formula M'AuO.^. Ammoniuin aurate, 
known as fulminating gold, is violently explosive. In potas- 
sio-auric sulphite, E^Au'"(S03)3, auric oxide is basic or posi- 
tive. Aiirous oxide, Au.^0, is a greenish powder \ one of 
its salts, sodio-aurous thio-sulphate, Na^Att'(8203)2, 2 aq., 
is used in photography. 
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1. What mass of copper may be (»btaiiied from 1,000 kilograms of 
melaconite? Of chalcocite? Of malachite? 

2. Calculate the composition of crystallized cupric sulphate. 

3. 100 parts of silver form by union with chlorine 132*84 parts of 
silver chloride; what is the atomic mass of silver? 

4. How is silver extracted from argentiferous lead ? 

5. How much silver is needed to make 260 grams silver nitrate? 

6. What is the mass of gold in a sphere five centimeters in diam- 
eter made of a gold-copper alloy, the alloy being twenty-one carats 
tine? 

7. Calculate the percentage of gold in potassium chlor-aurate. 
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CHAPTER ELEVENTH. 

GALLIUM, INDIUM, AND THALLIUM. 

§ 1. Gallium. 

Symbol Ga. Atomic moHs 69 '9. Valence H and HI. 

424. History and Properties. — The element gallium 
was discovered in 1875 by Lecoq de Boisbaudran, in a zinc- 
blende from Pierrefitte. Its name comes from Gallia, the 
Latin name of France. When separated by electrolysis from 
a solution of its sulphate it is a bluish-white metal, having 
a specific gravity of 5*9, and fusing at the very low temper- 
ature of 30°. It remains untarnished in the air at ordinary 
temperatures, and does not decompose water. It is not vol- 
atile up to a red heat. Heated in oxygen, it oxidizes only 
upon the surface. It dissolves readily in hydrochloric acid 
and in potassium hydroxide, with evolution of hydrogen. It 
has two characteristic violet lines in its spectrum. Two chlo- 
rides are known, GaCL^ and GaCl.,, obtained by the action of 
chlorine upon the metal. G-allium oxide, GajOg, is obtained 
by igniting the nitrate. The nitrate, Ga(N03)3, and the 
sulphate, Ga^CSOj.,, are well-known salts. The existence 
of gallium was predicted by Mendeleeff by means of the 
periodic series. 

§ 2. Indium. 

Symbol In. AtoTnic ma.sx 118*4. Valence JJ and IJl. 

425. History, Preparation, and Properties. — Indium 
was discovered in the Freiberg zinc-blendes, by Reich and 
Richtej, in 1863. They observed that the impure zinc chlo- 
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ri<]c, iilitainpfl liy iliw^ilvinj^ llif ri>asti'<! urn in liydnicliloric 
,-acid, contained a subt^taiicc wlioee Bpe<;trum consisted of two 
i»i!igo-blue linee, one cf which was very brilliant and more 
refrangible than the other. Indium ia a soft, malleable metal, 
resembling lead, of specific grasity 7"2. It is unaltered in 
and leaves a gray streak on paper. At a temper- 
ature of 176° it rneltu, and burns with a violet light, produc- 
ing the oxide. Hydrochloric and sulphuric aoids dissolve 
it readily. Indium oxide, InO, is a etraw-yellow powder, 
becoming brown on heating, and easily reducible on char- 
coal. Indium hydrate, In"(OHj^, is thrown down, as a white 
preci]>itatc, from solutions of indium by alkali-hydrates. In- 
dium Bulpbide, InS, k a dark yellow powder. Indium 
chloride, InCLj, ie procurable as a white crystalline subli- 
mate, which is deliquescent. Indium sulphate, In.^(SO,)„ 
i^ easily obtained by dissolving the metal in sulphuric acid. 

S 3. Thallium. 
H^jnM Tl. AUmiic warn 203-7. Valeiux I ami HI. 
426. History and (Occurrence.— Thallium was discov- 
ered iu 1)^61 by Orookes, in a reeidue left after the distilla- 
tion of selenium from a lead-chamber deposit obtained from 
a sulphuric-acid faclJ>ry in the Hartz mountains. This resi- 
due colored a gas-iiame intensely green, and gave a speetmm 
coDsisting of one brilliant green line. From the peculiar 
Jiint of this line, C'rookes named the metal thallium, from 
'SaXXi'iz, a green shoot. Thallium was independently discov- 
ered by Lamy nearly a year later. 

By the aid 'if the spectroseopi, whieh will detect one four- 

thouwindlh of a ndlligram of thallium, this element has been 

j>i-oved to be widely distributed in nature, though in very 

linut* quantities. The rare mineral ci'ookesit* is a seleuide 

if copper, thallium, and silver, and contains seventeen per 

mi of thallium. Various sjiecinieus of iron and copper 
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pyrites contain from a four-thousandth to a hundred- thou- 
sandth of their volume of thallium. It occurs also in zinc- 
blende, in certain varieties of lepidolite, and in the saline 
residues at Nauheim. 

427. Preparation and Properties. — Thallium is gen- 
erally obtained from the dust deposited in the tubes which 
in sulphuric-acid works convey the sulphurous oxide from 
the pyrites burners to the leaden chambers. This is extracted 
with water, and the thallium is thrown down from this solu- 
tion as chloride. This, by solution in sulphuric acid, gives 
the sulphate; and from this metallic thallium may be pre- 
cipitated by zinc. 

Thallium is a brilliant, nearly white metal, softer than 
lead, and having a specific gravity of 11 '8. It is malleable, 
but not ductile, owing to its want of tenacity. It melts at 
294°, and crystallizes in octahedrons. It tarnishes rapidly 
in air and burns brilliantly in oxygen. Nitric acid dissolves 
it readily. It is strongly dia-magnetic. 

428. ThaUic Chloride, T1C1.„ is obtained by acting on 
thallium with an excess of chlorine. It forms double salts 
with the chlorides of the alkali-metals. Thallous chloride, 
TlCl, is precipitiated from thallous solutions by chlorides. It 
is white and crystalline, resembling lead chloride. Thallic 
oxide, T1.^0.„ is a dark red powder. Thallous oxide, Tl.^0, 
is reddish-black in color, and dissolves in water, forming a 
hydrate. With acids it yields salts, thallous sulphate being 
T1,(S0,). Thallic sulphate, TL/SOJ„ forms double sul- 
phates with the sulphates of the alkali-metals ; but, unlike 
those formed similarly by gallium and indium sulphates, they 
are not true alums, and have a different crystalline form. 
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CHAPTER TWELFTH. 



zinc, cadmium, mercuky. 
§ 1. Zinc, 

SyrtMZ^. Atitmic hmhm 64'9. VakruxU. Relative demiiiy 
32'45. 3/ofeff«/ac intws 64'9. Mukcular wAwme 2. Tltcmang 
iif mte liter of dtic-vapw is 2'91 grams (32'5 crUha). 

429. History and Occurrence. — An ore of zinc was 
u.'^cd by the aucient Greeks in the manufacture of bruw, un- 
der the name xu^niu, a word said l« be derived froni Cadmue, 
who first taught tbeiu its use. The first zinc was made in 
Euroi>e in the eighteenth century, it having been until that 
time Imixjrted from China. Tlie nanie zinc was given by 
Paracelsus in the sixteenth century. Under the name cal- 
amine — a corruption of cadmia — two ores of zinc are now 
known : one a silicate, the calamine in'ojfer ; the other a car- 

: bonate, n<iw called smithsonite. Zinc-blende or sphalerite, 
I and red zinc-ore, or zincite, are also well-known minerals. 

430. PreiHinitinii and E*r«i»erti»!B.— Zinc is extracted 
Tom it« orea by first roasting them in a reverberatry fur- 
nace, and then distilling them, mixed with charcoal, in dose 

, iron or earthen vesselB. By the action of the charcoal the 
I (isygen is removed from the zinc oxide which constitutes 

the roasted ore, and the zinc thne set free, being volatile, dis- 
I tills over into suitable receivers. In Silej*ia tins distillation 
fected in peculiarly-shaiied muffles of fire-clay; in Bol- 
I gium, in earthen-ware tubes ; and in England, in fire-clay 

Crucibles. The English zinc-furnace is representeil in Fig. 
' 99. It ia conical in shape, and coiitiiins an intcnur duiuf, 



312 ISOndASIV CHmnSTRT. 

within whicb sis crufiblee are placed, each of which has a 
hole in the bottom, through which an iron jiipe payees to 
convey away the zinc-;vapor. The crucibieH are charged with 
the mixture of roasted ore and coke, the covers are cemented 
on, and they are gradually raised 
to bright rednew.. At first the 
carbon monoxide burns at the 
mouth of the tube, but boon the 
greenish- white flame of zinc ap- 
pears ; the tube Ik then length- 
ened, and the condensed zinc is 
collected in eultable veesele 
placed beneath. It is afterward 
re-melted, cast into ingots, and 
sent into commerce under the 
name of spelter. 

Zinc is a bluish-white, highly 
crystalline metal, of specific grav- 
ity about 7-0. It is hard and ^''«-^- Ei.gK.i.zi.io-nimace, 
brittle at ordinary temperatures, and also at 'ZW°; but be- 
tween 100° and 150° it is malleable and ductile, and may be 
rolled into thiu sheets. At 412° it melts, and at 1040° it 
boils, evolving a vapor having half the normal density; its 
molecule is therefore mon-atflmic. Zinc is oxidized readily 
by exposure to moist air. When strongly heated it burns 
brilliantly, producing the oxide. It is acted upon by dilute 
acids, by the halogens, and by alkali-hydrates. 

Zinc is used largely in the arts as sheet-zinc, for various 
])urposes ; it forms the positive element of most voltaic bat- 
teries. Its alloys are highly valuable ; with copper it forms 
brass; with copper and tin, bronze and bell-metal, and with 
copper and nickel, German silver. Ir<m alloys readily with 
zinc im being jilunged int() a bath of the melted metal ; the 
zinc coating protects the iron by a galvanic action, whence 
iron thus treated l" called gulvunized irun. 




431. Zinc CMoride, ZnClj, may be obtained either by 1 
tlie direct actiun of chlorine upon zinc, or by diBsolving zinc 1 
in hydrochloric acid and evaporating the Botiitiou. It ii 
white or grnyleh-wbite, Iraualucent, cryBtalliue substance, 
easily fusible, and volatile at a red heat. It is very deli- 
quGHceut, and dissolves in water, forming a definite hydrate, 
ZnCLj, 2 aq., which crystullizes in octahedrons. It forms defi- 
nite compounds with ammonia, and with alkali-chlorides. It ' 
is used as a caustic in surgery, and in solution ae an anti- 
septic, and, with ainmoDium chloride, as a soldering-flnid. 
It is also a powerful de-hydrating agent. 

432. Zinc Oxide, ZuO, occurs native as red zinc- 
zincite. It is the sole product of the combustion of zine in I 
the air, and in made commercially by conducting zinc-vapor ■! 
into chambers through which a current of air passes. 
a white powder, unalterable in the air, becoming transiently J 
yeUow on heating, and insiiluhle in water. It is us^ exten-fl 
sively iis a pigment. Zinc hydrate, Zn(OH)„ is obtained 4 
ou adding an alkali-hydrate to a solution of a zinc^alt, as a | 
white gelatinous mass, similar to alumina, but eioluble in a 
monia. It is strongly basic, forming well-delined salts with I 
acids. Zino sulphate, ZnSO,, known as white' vitriol, is ob- I 
tained hy oxidizing the sulphiJe, or by dissolving the r 
in sulphuric acid. It crystallizes, with seven molecules of J 
water, in orthorhombic prisms. Zino carbonate, ZnCO,, j 
occurs native us smithwmit^ ; it is the principal ore of zinc. 
Zino ortho-ailloate, Zn", 8iO„ nanirs native as willemite ; 
and with a molecule of water, Zn,SiO„ aq., is known aA 
calamine. 

4»3. Zluc Sulplildo, ZnS, is found in nature in iso- I 
metric crystals, forming the mineral sphalerite or bleude. It ] 
is generally yellowiwh-brown in color, has a resinous luster, 
and i» translucent. It is precipitated from zinc-solutions by J 
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alkali-sulphides as a Avhite precipitate, easily soluble in acids. 
The native sulphide is easily converted into the sulphate by 
roasting it with free access of air. 

§ 2. Cadmium. 

Symbol Cd. Atomic mass 111 '7. Valence 11. Relative density 
55*8. Molecular mass 111 '7, Molecular volume 2. 

434. History and Preparation. — Cadmium was dis- 
covered in 1817 by Herrmann and also by Stromeyer ; the 
latter gave it the name cadmium from cadmia, the ancient 
name of zinc-ore. Its sulphide is found native as greenock- 
ite. It occurs as an impurity in commercial zinc ; but as it 
is more volatile than zinc, it comes over in the first products 
of its distillation; these are dissolved in acid, and the cad- 
mium precipitated by zinc, in the metallic state. 

435. Properties. — Cadmium resembles zinc, but is whiter, 
heavier, more easily fusible, and more volatile than that metal. 
Its specific gravity is 8*7. It is malleable and ductile at ordi- 
nary temperatures, but becomes brittle at 82°, and crackles 
when bent, like tin. It melts at 315°, and crystallizes in 
regular octahedrons on cooling. It is unalterable in the air, 
but at a red heat it burns, producing brown fumes of oxide. 
Acids act upon it slowly. Its compounds are analogous to 
those of zinc. 

§ 3. Mercury. 

Symbol Hg. Atomic mass 199*8. Valence 1 and II. Relative 
density 99*9. Molecidar mass 199*8. Moleeidar volume 2. 
TJie m^ss of one liter of mercury-vapor is 8*96 grams (100 
criths). 

436. History and Occurrence. — Mercury has been 
known from the earliest times ; it is mentioned by Theo- 
phrastus as yoro^ fipyoptry whence the Latin argentum vivum 
and the English quicksilver. The name mercury, from the 
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]iliiuct iif that nauie, wuit given by the alchemists to all vola- 
tile i<ubHtuuoeit, but only this one hus retaineil it. Mercury 
occurs native in small quantity ; but the chief ure o 
cury ia the sulphide, called cinnabar, which ia found princi- 
pally in Idria in Austria, Altuuden in Spain, and New Alma- 
dcu in California. 

437. Preparation. — In Austria and Spain the mercury 
is obtained by roasting the ore, and carrying the volatile 
pniducta through a series of cbambers, or of long, narrow 
pipes, in which the metal is condensed. A better proee^ is 
to distil the sulphide with lime or iron scale* in close vessehf. 

498. Properties.^ — Mercury is a brilliant, ailver-ivhite 
metal, of specific gravity 13'59 at 0°. At ordinary temper- 
res it in a coherent liquid, hut cooled to —40° it solidifies 
to a malleable tin-white moSR, easily sectile, and crystallizing 
iu regular octahedrons. It is slightly volatile even at 15°. 
It boils at 350°, yielding a colorless vajwr of specific gravity 
fi'976. Mercury is unalterable iu the air, but at ite boiliug 
point it slowly absorbs oxygen, a crystalline, dark red oside 
forming on the surface, HydrocLloric and dilute sulphuric 
acids do not attack it, but Iwiliug strong sulphuric acid, and 
even dilute nitric acid, dissolve it readily. Chlorine and 
sulphur unite directly with it. 

Mercury iti used in the arts for filling therraoraelers and 
. barometers, and very extensively for extracting gold and sil- 
ver from their ores. Ita alloys with other metals are called 

lalgams. Tin-amalgara is used to cover uiirrnrB, 



•, OF MERCURY.' 

439. Mercuric CMoTiAe.—Ffmnula HgCl,.— This chlo- 
ride, often called corrosive sublimate, is (bnned when mer- 
cury is acted Ufmu by an excess of chlorine. It is usually 
prepared by subliming a mixture of mercuric sulphate and 

■""■ Hg(SOJ -\- (NaCl), = Na,(SO.) + HgCl, 

JftreuHe mljiftoW. Sodiam rWurJde. Sudfum w^'iit KrrcuHc fhlorlde. 
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A white, semi-transparent, crystalline mass is thus obtained, 
which has a specific gravity of 5*43, melts at 265°, and boils 
at 295°, yielding a vapor of normal density. The critical 
pressure for the solid is about 420 millimeters. It is soluble 
in sixteen parts of cold and three parts of hot water ; from 
the latter solution it crystallizes on cooling in long white 
orthorhombic prisms. Its solution tastes acrid, nauseous, and 
metallic, and reacts acid. It is an energetic corrosive poison. 
It coagulates albumin, forming an insoluble compound with 
it ; whence white of egg is the best antidote for it in cases of 
poisoning. For this reason also mercuric chloride has been 
used to preserve wood. Its solution is decomposed by many 
metals, with the deposition of mercury. Mercurous chlo- 
ride, HgCl, ordinarily called calomel, is precipitated when- 
ever a chloride is added to a solution of a mercurous salt. 
It occurs native in tetragonal crystals. Commercially, it is 
prepared by subliming a mixture of mercuric sulphate, mer- 
cury, and salt : 

Hg(SO,) + Hg + (NaCl), = NaXSOJ + (HgCl), 

The heavy white powder which condenses is washed with 
water to remove any mercuric chloride. It is not soluble 
in water, though chlorine-water and nitric acid dissolve it by 
converting it into mercuric chloride. It volatilizes below a 
red heat, yielding four volumes of vapor ; being decomposed 
into mercuric chloride and free mercury, each of which occu- 
pies two volumes; hence the vapor of calomel turns gold- 
leaf white, and sublimed calomel always contains some cor- 
rosive sublimate. Calomel is gradually decomposed by light, 
and is blackened by ammonium hydroxide, whence its name. 
440. Mercuric Iodide, Hglj, is precipitated as a brill- 
iant scarlet crystalline powder, on adding a solution of po- 
tassium iodide to one of a mercuric salt. The crystals are 
tetragonal octahedrons ; but on heating to 200° the iodide 
is volatilized and condenses in bright yellow orthorhombic 
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tiercurio iodide in it porcelHin (tu- 

7bIU)w orjfltulB will be depmsitt-d 

1 «nd tiieso, wlieii c-old. will phiiiign 

ill )i nccdlo. tlie reil i^.dur spreiidiug 



plates, which im cooling pass agaiu into ilie rtvl viulfty. 
Thia Hubstanuc is therefore dimorphous, tlie two forms heing 
probably polymeric. Ouprous-mercuric iodide, prepared 
by uddiug copper sulphate and then sulphurous acid to a 
warm eolutiou of mercuric iodide in j>otut»ium iodide, is a 
brilliant carmine-red powder, which changes to a deep choco- 
lute-bntwD on heating to 70°. Upon cooling it regaius its 
original color. Mercurous iodide, Hgl, m obtained as a 
ycl]owinh- green powder by precipitating a mcrcurous salt 
with potassium iodide. 

ExPEBtHENT.— Heat a. little 
eible ciivpred with it wati'li^lasi 
on the lower surfMce of tlie glu)= 
buck til red un tijuchin^ them w 
grudimlly (ivtsr lln? entire mn»s. 

441. MtTCuric Oxide. — Foniida HgO. — When mer- 
cury vi heated in the air to near its boiling point, ri.-d scales 
of mercuric oxide, commonly known as red precipitate, col- 
lect upon its furface. The same oxide is obtaiticd by heat- 
iiig mercuric nitrate until do more nitrons fumes are evolved. 
Mercuric oxidu is soluble in aeids, yielding niercuric saltp. 
The dt-meta-uitrEite, IIg(NO„).„ aq., and the acid and the 
normal mono- m eta-nitrates, H^g,(NO,)„, atp, and Ilg, 
(NO,)., aq., arc well-known compounds. The di-meta-sul- 
phate, Hg(.SU,l, is decomposed by water, forming the yellow 
orttio- sulphate, IIg,(80„), turpelb mineral. Mercurous 
oxide, Hg.,0, is an unstable black powder, obtained by tho 
action of alkali-hydrates npon culomel. With acids it forms 
mcR-urous kuIic. 

442. Mprcnric Sulphide, H(;S, occurs native as the 
mineral cinnabar, both massive and in rliomhoheilral crys- 
tals. It is made artificially by direct synthesis. It is brill- 
iant red in color, and is used as a pigment under the name 
of vermilion. Mercurous sulpMde, HgjS, in a black pow- 

sder kuown ae etfaiops mineral. 
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The merciiry amides are very nuiuerous. Mercuric 

chlor-amide, Hg \ >« ^% is known in pharmacy as white 
precipitate. 

RELATIONS OF THE GROUP. 

443. The metals of this group are closely related in many 
ways. Their molecules in the gaseous state are all nion- 
atomic. Their specific gravity increases with the atomic masfi, 
while the fusing and boiling points decrease. The heat of 
formation of their compounds also decreases as the atomic 
mass increases. 



Zinc 


A tomir 
mass. 

64-9 


Fusing 
point. 

412° 


Boiling 
point. 

1040® 


Specific 
gravity 

7-0 


Heat of 
formation. 

ZnO 86,400 


Cadmiujn 


111-7 


315° 


700° 


8-7 


CdO 66,400 


Mercury 


199-8 


40° 


350° 


13-6 


HgO 30,600 



Both zinc and cadmium are bivalent only, while mercury i.s 
apparently univalent also. But the significance of molecular 
formulas for bodies in the solid state being uncertain, the 
simpler formula is provisionally adopted. 



EXERCISES. 

1. Smithsonite, containing 75 per cent of zinc carbonate, yields 
what mass of zinc to the kilogram? 

'2. 500 kilou:rams of blende when roasted vield what mass of crvs- 
tallizt'd zinc sulphate? 

3. One cubic centimeter of mercury will \n\^ what volume of 
vapor? 

4. ilow much mercuric sulphate and how muc^h salt are required 
to give one kilogram of HgCl2? Of HgCl? 

5. Calculate the percentage composition of HgO. Of Hg-^O. 



CHAPTEE THIRTEENTH. 



rOtilTIVE DYADS. 



S 1. MaukK-huim. 
Symhol Mg. Alomk vtM^ 23-94. Valence 11. 
, Hist<try and Occurrence. — Under the name of 
I lungnceia alba, magDeBiitin carliODate we^ brought into Eti- 
] ri>j>e early iu ibe eighteenth century ; Black, in 1755, ahiiwed 
I tfiat this Bul>staui;e 0(iutained a pwuliar earth. The metal 
1 was prejmred Unit by Davy iu USOK, nud in a purer t'orni 
' by BuBey in 1830. Bunaen and Matthleseen, in 1852, pre- 
pared it by electrolyHis of the fused chloride ; and in 1857 
Devllle and Oaron obtained it in large (juantity by actinfr 
upon the chloride with sodium, a prwees subsequently im- 
pi'iived by 8onstadt. MagneNum oceurs abundantly in na- 
ture, but always in coiubiuation. liy hydrate formft the 
mineral brucite; its carlranate, magneeite; its Ridphate, ejv 
somite; ile borate, boracile ; it« fluu - phosphate, wagnerite, 
eU.;. KumerouB iimgnefiian silicntOH are alstJ known ; und 
the double earbouatc of magnesium and calcium, or dolo- 
mite, exiBt^ abundantly as niagneeian liuie»ili>ne. Magnesium 
chloride exists in many natural waters, ei^pecially in sea- 
water. 

445. Prepuriitlon and PropertlpM. — Magnwium is 
prepared on the large scale by Lealing to bright redness a 
niixtttre of six partK of niagnesiitm cidoride, one of aodiuni 
chloride, one of calcium fluoride, and one of sodium, iu a 
covered crucible. The globules of magnesium thus obtuiued 
are purified by diKtillatiou in an atmoephere wf hydrogen. 
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Magnesium is a silver-;vvliite, brilliant metal, having a s])e- 
cific gravity of 1*75. It is somewhat malleable and ductile, 
but is not very tenacious. It melts at a red heat, and may 
be obtained crystallized in regular octahedrons. At higher 
temperatures it is volatile. It is permanent in dry air, though 
it oxidizes readily in moist air. Heated to redness it takes 
fire and burns with a dazzling light, very rich in ultra-violet 
rays. A wire 0-297 millimeter in thickness gives a light 
equal to that of 74 stearin candles, five of which weigh a 
pound. Acids attack it with ease, and it unites directly 
with most negative elements, including nitrogen. It has 
been used of late years as a source of light in photography. 

COMPOUNDS OF MAGNESIUM. 

446. Magrnesium Chloride, MgCl^, is best prepared by 
igniting the double chloride of magnesium and ammonium ; 
the ammonium chloride is thereby driven off*, and the mag- 
nesium chloride is left as a white, translucent, crystalline 
mass, readily fusible, and somewhat volatile. It is deliques-. 
cent and dissolves in w^ater, forming the hydrate MgCl.^, 
6 aq. The mineral carnallite is a potassio-magnesium chlo- 
ride, KMgClg, 6 aq. 

447. Magrnesium Oxide, MgO, commonly called mag- 
nesia, occurs native as periclasite, crystallized in isometric 
forms. It is the sole product of the combustion of magne- 
sium in air, and is left w^henever its carbonate, hydrate, or 
nitrate is ignited. It is an infusible, insoluble, bulky, white 
powder, which gradually unites with water to form the hy- 
drate. Magnesium hydrate, Mg(OH).„ is precipitated from 
solutions of magnesium salts by alkali-hydrates. It is slightly 
soluble in water, and reacts alkaline to test-papers. It occurs 
in nature as brucite, crystallized in rhombohedrons. Mag-- 
nesium sulphate, MgSO^, may be prepared by dissolving 
the oxide, hydrate, or carbonate in sulphuric acid. It is ob- 
tained commercially either from sea- water, from dolomite — 
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ilciii-inagnepiim carbonate— or from 8er|teutLue, ivhicli in 

lamagiimum silicate. It occura native as epsRimite, MgSO,, 

r7 H^., and Is found al^ in the waters of bitter saliue BpringH, 

s those of E]>gom in England; whence tbe name E{)eom ^t 

Ifipplied to this substance. It crystallizeB in ortho rhombic 

rus, containing seven molecules of crystal-water. Tliey 
f dissolve in twice their weight of <M)ld water at 0°. ^agne- 
I edum carbonate, MgCO^, is found iu nature as the mineral 
I magneaite. Magnesia alba, the comnjon commercial form of 
F tbiw substance, is obtained by precipitating the sulphate with 
I BOdiiim carbonate. It is a light, white powder, soluble in 
L acids, even the earbonie, and having the composition H,Mg, 
I (t^Ojj, 2 aq. It occurs native as hydromagnesite. 



§ 2. Caix^ium. 
Symbol Ca. AUmiic thohs 39'91. lotoice II mtd IV. 
448. History aud Occurrence. — Calfium carbonate 
rand sulphate were known to the ancients, the former being 
J burned intii linae for making mortar. It ie from the Latin 
B for lime, calx, that the word calcium ii^ derived. The 
I metal itaelf was oblaiued in an imjiure IVirm by Davy in 
; and in 1855 Matthieseen prepared it pure and in 
I considerable quantity. Calcium is one of the most abundant 
L of the elements. As curbimHtt, il forms the mineral calcite. 
Ijand the rock-mas*s known tm limestone, chalk, and marble. 
I As sulphate, it forma vast beds of gypsum ; as phosphate, it 
■8 as apatite ; as fluoride, in fluor spar ; and as silicate, 
[it is found in numerous mineralp. It forms an imjjortani 
■OODBtitueut of tbe animal skeleton, whether external or intei'- 
JFoal, and is t'itsential to vegetable growth. 

440> Preiranitlon and Properties. — Calcium may l)e 
prepared either by the electrolysis of it« ohloride, previously 
mixed with two lliirds its weight of htioutium chloride, and 
r fused in « [Hireelain crucible ; or by igniting t!ic imlidc with 
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sodium, or the chloride with sodium and zinc, in a closed 
vessel. It is a light yellow, brilliant metal, of specific grav- 
ity 1*57, very malleable and ductile, and about as hard as 
gold. It is permanent in dry air, but is oxidized if the air 
be moist. At a red heat it burns vividly. 

COMPOUNDS OF CALCIUM. 

450. Calcium Chloride, CaClj, is produced by dissolv- 
ing the oxide or carbonate in hydrochloric acid, and in many 
other ways. It is therefore frequently a waste product iu 
the chemical arts. On evaporating its solution in water, 
hexagonal crystals of the hydrate, CaCl2, 6 aq., are obtained, 
which lose two molecules of water when dried in vacuo, and 
the whole at 200°. The crystals are used with snow as a 
freezing mixture ; in it a thermometer falls to — 48*5°. Cal- 
cium chloride melts at a full red heat ; it has a strong attrac- 
tion for water, and is deliquescent ; it is hence used for drying 
gases. 

451. Caleiviui Oxide, CaO, commonly known as lime, is 
always prepared on the large scale by igniting its carbonate. 
This operation is conducted in a rather rude furnace of ma- 
sonry called a kiln (Fig. 100), built usually upon the side of 
a hill. An arch of the limestone is first thrown across just 
above the tire, and upon this the charge rests. The fuel 
employed is generally wood, and the fire is maintained for 
three or four days, until the whole mass is converted into 
lime. The purer the limestone, the better the product. Per- 
fectly pure lime is obtained by igniting crystallized calcite. 

Calcium oxide is a white, hard, infusible substance, of spe- 
cific gravity 2*3 to 3. When moistened with water, it unites 
directly with it, with the evolution of great heat, to form the 
hydrate. This process is called slaking. Oaloium hydrate, 
Ca(0H)2, is a soft, white, bulky powder, soluble in 530 times 
its weight of cold water, forming an alkaline, feebly caustic 
liquid, known as lime-water, which yields, on evaporation iu 



rniJf'An.iTios or r.ii.rir.M 'ixide. ^2^ 

vai'ii'i, iicxafioriul iirisins ■>!' ihu hydrntc. Il alisurbs (.'arboii 
ili-oxide readily. Oaloium sulphate, OaSO,, (lucurs native 
lie anhydrite; and, cryutallized with two moleuulea of water, 
itM selenite. It is ab^i foiiDd maseive mi gypsum. It is pre- 
cipitated OD aildiufi a wiilphat* to a fimcpiit rated wiuiiun 




a ralcitiii) salt. By heating gypsum to 1 1U°, it parts with 

fwater, produeing what is t-alled plaster of I'aric. Tlif Imrned 

BKyi^u'ii' '"' heiug mixed with water, again unlteti with it anil 

"wte" or lifpomes hard. Henee its nse a.-* a cement. Ool- 

K«lum carbonate, CaCO,, is an abundant mineml. It is di- 

1 luorphouB, being orthorhonibii' in a.ragiinity, und rhumb'^he- 

Idral in calcite. It occurs also more or Icps pure as marble, 

ptiLaltc, and limestone. In water containing carbonic acid 

e quite soluble; such waters are called hard. Oaloitun 

phospbate, C'a,(PO,)j, is preeipitateti from a solution of a 

calcium salt by w)dium phosphate in excess. It occurs as a 

I fluo-phosphttte in the mineral apatite, and forms the chief 
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coustituent of the bones of animals. Two acid calcium phos- 
phates, HCaPO^ and Yi^QviiVO^,^, are known, the former, 
with 2 aq., constituting the mineral brushite. 

§ 3. Strontium and Barium. 

Strontium. — Symbol Sr. Atomic mass 87*3. Valence II and IV. 

452. History aud Occurrence. — Strontium was distin- 
guished as a peculiar substance by Hope in 1792. The metal 
was first prepared pure by Bunsen and Matthiessen in 1855. 
It occurs in nature both as sulphate or celestite, and as car- 
bonate or strontianite. From the latter name, which is taken 
from that of Strontian, in Scotland, where the mineral was 
first observed, the name strontium comes. 

453. Preparatiou and Properties. — Metallic stron- 
tium is prepared by the electrolysis of its chloride. It is a 
pale-yellow metal, of specific gravity 2*54, harder than lead, 
melting at a red heat, and burning vividly if exposed to the 
air. It is quite permanent in dry air, but decomposes water 
readily, evolving hydrogen. 

COMPOUNDS OF STRONTIUM. 

454. strontium Chloride, SrCl.^, is obtained as a hy- 
drate, SrCl.^, 3 aq., by dissolving the oxide or carbonate in 
hydrochloric acid. On evaporation, deliquescent crystals are 
obtained, which lose their water on fusion, leaving a color- 
less, glassy mass, soluble in water and in alcohol. 

455. Strontium Oxide, SrO, is generally prepared by 
igniting the nitrate. It is a grayish-white, porous mass, is 
infusible, and unites energetically with water to form the 
hydrate. Strontium hydrate, Sr(OH ).^, prepared as above, 
is soluble in water, forming an alkaline liquid which, on 
evaporation, deposits crystals of Sr(OH).„ 8 aq. Strontiuiu 
nitrate, Sr(NO^).^, is employed in pyrotechny for producing 
a crimson fire. Strontium di-oxide, Sr'^O.^, is precipitated 
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^etrontium hydruCt^. 

iBARlUM.^Syjniof Ba. AUymic nuus 13fj'9. i'ale)tee II and IV. 

456. Hlatury and Occurrence. — Barium was first rec- 
<^ized m a new fleiuent by Bcheele in 1774. Davy, iu 
1808, first isolated the metal. The compouiids of barium 
Tchicli occur native are the sulphate, or barite, and the car- 
bonate, or witherite. The former from its weight .was for- 
merly called heavy-spar ; hence the name barium, from jSu^oo-, 
heavy. 

4fl7. Preiiamtioii and Properties. — Barium, obtained 
by the electrolysis of ite chloride, is a yellow, lustrous, mal- 
leable metal, of Bpecific gravity +'0, which decomposes water 
rapidly. 

438. CompoundH of Barium. — Barium chloride, Ba 
Clj, ia iieually olitained by dissolving the carbonate or the 
Bulphide^prepared from the native aiilphate — in hydrochlo- 
id, and crystallizing. Orthorbombic crystals separate, 
-having the formula Bat^l^, 2 aq. , which lose all their water 
at 11K)°. .Barium oxide, BaO, ie a grayish- white, infusible 
obtained by heating the nitrate to redness. With wa- 
ter it slakes, forming a hydrate, Ba(OH)^, which crystallizes 
from a hot saturated solution with 8 aq. Barium nitrate, 
Ba(NOJ„ is used in the green fire of pyrotechny, for which, 
however, the chlorate, Ba(C10,,X, is to be preferred. Ba- 
rium sulphate, Ba?0,, occurs native as barite; when heated 
with charcoal, it is reduced to barium sulphide, BaS. Ba- 
rium di-oxide, Ba"0,j, ia pDjduced by heating the oxide in 
m stream of oxygen. It is used in the preparation of hydro- 
peroxide. 

RELATIONS OF TIIE (fKOUP. 

4{(9. To this group belong also the elements beryllium 

md prbium. Two sub-groups are imlicated here, the one 

■'Containing beryllium and magnesium (probably erbium also), 
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and the other calcium, strontium, and barium ; the affinities 
of the former sub-group being rather with zinc and cadmium, 
while those of the latter are with the alkalies. The specific 
gravity of the latter sub-group increases with the atomic 
mass. 



EXERCISES. 

1. To*yield 5 cubic centimeters of magnesium requires how much 
magnesite ? 

2. What is the relative length of two bars 5 centimeters in diam- 
eter, one of platinum, the other of magnesium, each of which has the 
mass of a kilogram ? 

3. What mass does limestone lose in burning? 

4. Compare the percentage composition of anhydrite and selenite. 
6. Which contains most oxygen, strontianite or witherite? 



I 
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CHAPTER FOURTEENTH. 

PUSITIVK MONADS. 

SI. LiTFTiiMr. 

Sxpiibul \j\. Al'mik miix' T'Ol. Volenix I. 

40O. IIl8U>r)- ami Uvvurrcuco. — Lithium oxide was 
recognized firet as a jieculiar tjulwliiuee by Arfvedson iu 
1817. TLe metal wai* first prepareil pure by Bunsen and 
MatthiesBen in 18o5. Lithimti iw a rare Biibstanc-e, being 
fijuud [iriiji;(jiully iu tlie uiinerale aniblygoiiite, fjKidiiniene, 
petalite, lepidollte, uikI triiihylite. The water of a mineral 
epriug in Cornwall tfiintains tlie chloride iu eniisiderable 
quantity. Traces of lithium have been detected by Ihe spee- 
trowofic in tiea-water, iu many miueraltf, iu tubacco-aehee, 
and even in uieteiirites. 

4ttl. Prepnratiun uiitl Properties. ^Lithium is be«t 
obtained by the elect roly^iiH of the fused chh»ride, It is a 
brilliant, silver-white metal, iK)iiiewbat itofter than lead, and 
remarkably liglil, liaving a specific gravity of only 0-578. 
It melts at 180°, and iMirni' in the air with an intense whi1« 
flame when more strongly heated. It tarniehee in the air, 
and deeompoi^ef water, evolving hydrogen. Ite comjwundt' 
are the ohloiide, LiCl, a ilelii|iiescent, fusible, and volatile 
Ball; the oxide, Li.,0, uud hydroxide, Li(OH), the latter a 
caustic, strongly alkaline sulistjince ; the carbonate, LijCOi,, 
tlie aulpliate, LiSO,. and the phosphate, Li.PO,, all of 
which are wellilefiiied siilts. It« spectrum is characterized 
by an intense criuiwn line of wave-length 0-(MKHi70.'J mtlli- 
■.sieter. 
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§ 2. Ammonium. 

Symbol Am, Formula (l^H^), Mokeular inass IS '01. Valence I. 

462. History. — The salts which ammonia forms by di- 
rect union with acids hp-ve a remarkable similarity to those 
formed by the metals of this group. To account for this 
resemblance, Berzelius, in 1816, acting upon a theory of 
Ampere, proposed to consider these salts as compounds of 
ammonium, a monad compound radical, (N^H^)', capable 
of acting like the monad elements sodium and potassium. 
Being unsaturated, ammonium, if it exist free, must exist as 
a double molecule, N2Hy. Weyl, by condensing ammonia 
gas in presence of sodium, obtained a bright blue metallic- 
like liquid, which he assumed to be sod-ammonium, N2HQNaj. 
By acting upon ammonium chloride with this, a similar blue 
liquid was obtained, which he considered to be free ammo- 
nium. Moreover, when mercury containing one per cent of 
sodium is placed in a saturated solution of ammonium chlo- 
ride, it swells prodigiously in bulk, becoming a pasty mass, 
like butter. This is the so-called ammonium amalgram. It 
rapidly decomposes, yielding ammonia and hydrogen gases. 

463. Compounds of Aminoniuiii. — Ammonium chlo- 
ride, (NH^)Cl, found native as sal-ammoniac, is prepared on 
the large scale from the ammoniacal liquors of the gas-works, 
by adding hydrochloric acid, crystallizing out the crude chlo- 
ride, and purifying by sublimation. It is thus obtained in 
white fibrous masses, soluble in 2*72 parts of water at 18°, 
and crystallizing in cubes and regular octahedrons. It is 
completely dissociated into NHg and HCl at 350°. Ammo- 
nium sulphate, (NHJ.^SO^, is also obtained from gas-liquor. 
It occurs in transparent, orthorhombic crystals, isomorphous 
with potassium sulphate. Ammoniuna nitrate, (NHJNOj, 
is prepared by neutralizing nitric acid with ammonium hy- 
droxide, and crystallizing. It is used for making hyponitrous 
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I oxide gas. Commercial ammonium oarbonatB in a mix- 
I ture of acid carbonate aud carliamate, (H(NH,)CO.i, and 
I CNH,J(NHjCO,J. Od expoeure to air the carbamate in vola- 
I tilized. 

§ 3. SiiDnm. 

Stpiibal Xa. Aimiic hkwk 23-0. Yaknee. I and 111. 

464. HlNtury iind OccurreDce.— .Sodium oside was first 

I dearly distinguished from jjotassium oxide by Dutaamel in 

The metal waa liret obtained by Davy in 1807. Hih 

I dium is one of the most abundant of the elements. Its ehlo- 

I ride, or salt, known as the -mineral hoJite, is found not only 

Q. immense deposits of rock-ealt, but also Id enormous quau- 

i-titiee in sea-water and the wat«r of saline springs. Sodium 

\^m occurs in the form of nitrate, or soda-niter; of borate, 

r borax ; of carbonate, ortrona.; and of silicate, in aihite, 

*ligoclafie, eodalite, etc. It is found in marine plants, and 

BIB essential t^) animal life. 

460. Prepamtion nnd Properties. — Sodium is pre- 
■jpared by reducing itf! oxide by carbo* at a white heat, thuis: 

Na,0 -I- C: = IJa, -|- CO 
Bf rnctically, thirty kilofrrams of dry sodium carbonate, thir- 
teen kilograms of charcoal, aud tlu'cf V\\'\ 
btjmately mixed together, 
satcined, ami introduced in- 
iron cylinderw heated in a -.^^^ 

ceverberatory i'urnace (Fig. 
ilOl). At a bright red heal 
the eodium diittills over, and 
is collected in the Hat receiv- 
er ahown in the figure. To 
■rjturify h, it ie re-distilled, 
gel ted under petroleum, 
ind CBst into ingots, which 
CnBlnei''s pnxTss <-oii'^i''lw in 
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preserved under najihtha. 
ilucing i^ndiuui hydmte by 
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heating it to 825° with au intimate mixture of finely divided 
iron and carbon, prepared by mixing the iron with molten 
pitch. 

Sodium is a lustrous, silver-white, soft metal, of specific 
gravity 0*98, becoming brittle at —20°, and fusing at 97°. 
It crystallizes in tetragonal octahedrons. On exposure to 
air it rapidly tarnishes, and if thrown on water, decomposes 
it with effervescence ; if it be prevented from moving, or if 
the water be warm, it takes fire, burning with a character- 
istic yellow flame, and yielding a spectrum consisting of a 
double yellow line of wave-length 0*0005892 millimeter. It 
is used in metallurgy as a reducing agent. 

COMPOUNDS OF SODIUM. 

466. Sodium Chloride, NaCl, may be formed by the 
direct union of its constituents, as by burning sodium in 
chlorine gas. It is obtained commercially, either by mining 
it directly, in which form it is known as rock-salt, or by evap- 
orating the water of saline springs ; producing boiled salt, if 
artificial heat be used, or solar salt, if the heat be natural. 
Large quantities of salt are obtained from sea -water, of 
which it constitutes 2*75 per cent. Sodium chloride is a col- 
orless, transparent solid, crystallizing in cubes, and having 
a specific gravity of 2*15. It has an agreeable saline taste, 
is deliquescent in moist air, and is soluble in three times its 
weight of water. It melts at 776°. 

467. Sodium Oxide, NaP, and Hydroxide, Na(OH). 
Sodium oxide may be obtained by the combustion of the 
metal in air, or by heating the hydroxide with sodium. It is 
a white, fusible substance, which unites directly with water to 
form the hydroxide. Sodium hydroxide, known commonly 
as caustic soda, is made in the pure form by the action of 
sodium upon water. Commercially, it is prepared by the 
action of calcium hydrate — milk'of lime — upon sodium car- 
bonate. The clear licjuid thus obtained is evaporated in 
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vessels of iruii or of silver, and the fused luase which is left 
fl poured on to flat plates or cast iiito sticks. It is a white, 
ojMque, brittle solid, of specific gravity 2'00. It is deliquew- 
cent and absorbs carbon di-uxide from the air, forming the 
carbonate. It may be obtained cryBtaJIized in luonoelinic 
prisms, having the composition (NaOHj,, 7 aij. Sodium 
peroxide, Na,0;, is produced hy heating sodium in oxygen, 
as a white, friable, deliquescent niasa. 

4fi8. Sodium i^idpluitp, Ka,HO„ is obtained abundantly 
comnierciallj-, as a residue in innny chemical processes, as in 
the preparation of nitric and hydrochloric acids. It is also 
largely produced as an interniediate product in the soda 
manulacture. It occurs native, anhydrous as thenardite, 
and hydrated as mirabilite. It crystallizes from solution iu 
large colorless mou<K'liuie prisms, winch have the composi- 
tion Na,SO„ 10 aq.. and which are efflorescent in dry air, 
losing all their water. The anhydrous salt is soluble in two 
and a half jiiuts of water at Hl{(°. The acid salt, hydro- 
Bodlum sulphate, HNa(*0„ is formed by abiding sul]ihuric 
acid to the normal sulphate. 

400. Sodium Carbonate, Na,CO„ was formerly extrnct- 
ecl from the ashes of marine plants. It ha£ been produced 
in immense quantities from ealt by a proce** proposed by 
Leblano. This process consists, \n, in treating the salt with 
sulphuric acid, hy which nodium sulphate is produced; and, 
2d, in heating the sodium sulphate with coiil and limestone 
in a reverheratory furnace, by which Bjdiiim carbonate and 
calcium sulphide are obtained in the form of a black mat* 
called black-ash. This is extracted with water, evaporated 
to dryness, calcined with sawdust, and brought into com- 
■ merce as soda-ash. By solution in water and evaporation, 
sodium carbonate is obtained crystallized, Na,CO,,, 10 aq. 
The Solvay or ammonia process, by which at present nearly 
all of the sodium carbonate of commerce is made, depends 
the slight solubility of hydrn-sodiiiin carltonate in water. 
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Hence, if a solution of hydro-ammonium carbonate be added 
to one of sodium chloride, 

NaCl + H(NHJCO, = HNaCO, + NH.Cl 

hydro-sodium carbonate separates and is converted into Na^ 
COj, by heat. The NH^Cl is treated with lime or magnesia, 
and the ammonia thus set free is used to produce more 
HCNHjCOg; and so the process becomes continuous. The 
crystals are efflorescent, are readily soluble in water, have 
an alkaline reaction and a nauseous taste. The acid salt, 
hydro-sodium carbonate, HNaCOg, is prepared by expos- 
ing crystals of the normal salt to carbon di-oxide gas. 

470. Sodium Nitrate, NaNO.^, is brought from Peru, 
where it occurs native, under the name soda saltpeter. It 
crystallizes in rhombohedrons and is deliquescent. Normal 
sodium phosphate, NagPO^, is unstable. Hydro-di-sodium 
phosphate, .HNa,,P04, is alkaline in its reaction, while di- 
hydro-sodium phosphate, H^NaPO^, reacts acid. 

§ 4. Potassium. 
Symbol K. Atomic 7nass 39*03. Valence I, III, and V. 

471. History and Occurrence. — ^The lye obtained by 
leaching the ashes of land-plants has long been used in soap- 
making ; and the solid product of the evaporation of this 
lye has long been known in commerce as potashes, from its 
origin. The metal potassium was first obtained by Davy in 
1807, by the aid of electricity ; but it was soon after pre- 
pared chemically by Q-ay-Lussac and Thenard. Potassium 
occurs somewhat abundantly in nature, but always in com- 
bination. In the mineral kingdom it is found as nitrate or 
niter, as chloride or sylvite, an potassio-magnesium chloride, 
or carnallite, and as sulphate, or aphthitalite. It exists also 
in orthoclase and in muscovite, and in the waters of the 
ocean and mineral springs. Land-plants contain it largely, 
and it is essential to animal life. 
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. Preparation and Properties. — I'otiuii'ium iw now 
prepared by calcining an intimate mixturti ni' the carbonate 

I with charcoal, obtained by igniting the tartrate. The procew- 
is quite aimilar tu that described for sodium; but owing to 
the tendency of the metal to unite directly with the wirlxiu 
moniixide to proiiuce a dangerously explubive body, it h far 
I difficult. FotasBium in a euft, brilliant, blnieh-white 

f metal, of specific gravity 0'865, becoming brittle at 0°, and 

I at 62'5'' melting to a liquid resembling mercury. From tliie 

Fit maybe cryi^lallized in tttragonal octa- 
hedrontf. It may be distilled in hydrogen, 
and gives a green vajmr. It tarnishes iu- 

I stantly in the air, and must therefore be 

I preserved under naphtha. Thrown upon 

[■water, it at mice decomposes it, evolviiijr 
t much heat that the hydr(]gen set IVee 
ikes fire and buruw with a characteristic 
violet flame (Fig. 102). It unites actively pik ^"'if' ';'"'"'" "" 

, with chloride and with sulphur. Il^ i-pec- 

btrum is characterized by two sharply defined linef ; one in 
the red, of wave-length 0-0007680 millimeter, and the other 

Vin the violet, of wave-length 0-0(I0404.5 millimeter. By meau-^ 

^f this spectrum as minute a quantity of imtawiiini as <yic 

^hree-tbonsandth of a milligram may be detected with ci'r- 
ainty. 

COMPOrNDH OF POTA8BIUM. 

473. Potassium Chloride, KW, constitutes the mineral 
I eylvite. It is obtained commercially from sea-water, or from 
a abundant mineral of the Ptaf*furt mines, carnallite, which 
taasio-niagnefium chloride. It is a transparent, color- 
Keee solid, which crystallizes in cubes, has a specific gravity 
pf 1'9, and tastes like comraon salt. It decrepitates when 
|}ie&teil, melts at a red heat, and is volatile at higher temper- 
atures. It diss(dves in about three times its weight of water 
fni 1>')°, pnidui'-Lug great cold. 
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Potassium iodide, KI, is prepared ou the large scale by 
the direct action of iodine upon potassium hydroxide : 

(I,)3 + (KOH), = (KIJ, + KIO3 + (H,0;, 

Iodine. Potassium Potassium Potassium Water, 
hydrate. iodide. vxlaie. 

By evaporation of the solution, and gentle ignition of the 
residue, the iodate is converted into iodide. Potassium iodide 
occurs in cubical crystals, which are deliquescent in moist 
air. It is readily soluble in water and alcohol, and has a 
specific gravity of 3. Potassium bromide, KBr, is quite 
similar in properties to the iodide, and is obtained by an 
analogous process. 

474. Potassium Oxide, K,0, and Hydroxide, K(OH). 
Potassium oxide is obtained by the direct oxidation of potas- 
sium or by the action of potassium upon the hydroxide. It 
is a white, deliquescent, and caustic substance, which unites 
energetically with water to form the hydroxide. This hydrox- 
ide, commonly called caustic potash, is generally prepared by 
the action of milk of lime — calcium hydrate — on potassium 
carbonate. The solution may be evaporated, and the fused 
hydroxide thus left be cast into sticks, the form in which it is 
usually found in commerce. It is a white, opaque, deliques- 
cent, brittle mass, of specific gravity 2*1, and freely soluble 
in water and alcohol. Its solution is powerfully alkaline, 
turning reddened litmus back again to blue, neutralizing 
completely the strongest acids, and acting readily upon the 
skin. In the solid form it is sometimes used as a cauterv. 
Potassium als:) forms a di-oxide, K.^0.„ and a tetr-oxide, 

475. Potassium Salts. — Potassium chlorate, KClOj,, 
is prepared by passing chlorine through a solution of potas- 
sium chloride containing milk of lime : 

K(.^l + (Ca(0H),)3 -f (Cl,)3 = (CaCl,), + (Hfi\ + KCIO, 

By evaporation of the solution the chlorate crystallizes out. 
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FotaBslum Bulphate, iCKU^, is obtaioed aii n residue iu tbe 
itiou of aitr'ui aeiri from niter, und is a product also 
of the evaporatiiiD of sea-water. It forms hard orthorhoiii- 
bic crystalo, which have a bitter taste, and dissolve in ten 
parte of culd water. Potaeeium nitrate, KNO„ occurs as 
an efflorescence upon the Burface ol' tbe wiil iu Bengal. It 
is extracted by solution iu water, and evaporation, and ie 
brought into commerce as crude saitpe1«r. It is also ob- 
tained by decomposing native sndium Ditrate, or native or 
artificial calcium nitrate by potassium carbonate. It crys- 
tallizes generally in traDspareot orthorhombic prisms, which 
are not deliquescent, have a cooling taste, and dissolve read- 
ily iu water. It fuses below " redness to a colorless liquid, 
and at a high tenijierature is dec-omposed, evolving oxygen. 
It deflagrates with combustibles, aud is used in making gun- 
powder. Potaaslum carbonate, KX'O,, in the essential con- 
stituent of the crude potash of commerce, which is obtained 
tiy evaporating the Icachings of wood-aehes. When refined 
it is known as penrlaf^h. It forms a white, granular, very 
detiquemient mass, having an alkaline reaction, and fusible 
at fiill redness. It is s-jluhle in less than its own weight of 
water, but is insoluble in alcohiil. The acid salt, hydro- 
pOtaBsiutn carbonate, HKCO,, is permuueut in the dir, 
find has a faintly alkaline reaction. 

§ 0. RrBiTirrM and C^epeiui. 
RtlBiDii™. — Sipnbol Rb. Atnniiv «w«t 8r>-2. Valence I. 

476. PretMira*'"" ^^^ Pr«i>ertle». ^Rubidium was 

first detected iu. the water of tbe Diirckheim mineral spring, 
by Buneen, iu 1860, by means of the spectroscope. Its spec- 
trum contains two characteristic dark red lines ; hence its 
name, from the Latin rubidus, dark red. By distilling the 
carbonate with charcoal, rubidium is obtained as a soft white 
melal, of specific gravity 1 •■'). It melts at 'M-:->°. and vola- 
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tilizes below a red heat. It is more easily oxidized than 
potassium, and takes fire in the air, burning with a violet 
flame. 

477. Rubidium Salts. — The salts of rubidium resemble 
very closely those of potassium. The chloride crystallizes 
in cubes, dissolves in its own weight of water at 150°, ancl 
forms a double salt with platinum chloride. The nitrate, 
RbND,, resembles saltpeter, but crystallizes in hexagonal 
prisms. The carbonate, Rb^COg, is an alkaline deliquescent 
salt. The sulphate, RbgSO^, is isomorphous with potassium 
sulphate. 

CiESiUM. — Symbol Cs. Atomic mass 132*7. Valence I. 

478. History. — Csesium was discovered at the same time 
with rubidium, and in the same mineral water. The name 
csesium comes from csesius, sky-blue, and has reference to 
two bright blue lines in its spectrum. The Diirckheim water 
contains in five kilograms scarcely one milligram of csesium 
chloride ; but the lepidolite of Hebron, in Maine, contains 
0*3 per cent of csesium, and the rare mineral poUucite con- 
tains 32 per cent. Metallic csesium was obtained by Setter- 
berg, in 1882, by electrolysing a mixture of four parts of 
csesium cyanide and one part of barium cyanide. It is a 
soft metal, as white in color as silver, has a specific gravity 
of 1-88, and fuses between 26° and 27°, passing through the 
pasty state. The salts of csesium resemble those of rubidium. 
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EXERCISES. 

1. Give the theory of ammonium. Illustrate it. 

2. "What volume of ammonia gas in one kilogram of (NH4)2S04? 

3. Twenty kilograms NajCOg yield how many cubic centimeters 
of sodium? 

4. One cubic centimeter rock-salt contains what mass of sodium? 
What volume of chlorine? 

5. Write the reactions in the soda-process of Leblanc. 

6. One hundred kilograms of salt yield what mass of sodium car- 
bonate? 

7. By decomposing a kilogram of NaNOg by KgCOg what mass 
of KNOg is obtained? 

8. How much water will one gram of potassium decompose? One 
gram of sodium ? 

9. By whom were rubidium and caesium discovered? When? 



APPENDIX. 



TABLE I.— THE METRIC SYSTEM. 



Measurks of Length. 



Millimeter 


0-00 1 of a meter, 


Centimeter 


001 " 


Decimeter 


01 " " 


Meter 


1 meter, 


Dekameter 


10 meters, 


Hectometer 


100 


Kilometer 


1000 



Mvriameter 10000 



« 



Measures of Surface. 



Centare 1 square meter, 

Are 100 square meters. 

Hectare 10000 square meters. 



0-0394 


inch. 




, 0-3937 


ti 




3-937«> 


inches. 




89-3704 


(( 




393-7043 


(i 




328 


feet, 1 


inch. 


3280 


" 10 


inches 


6-2137 


miles. 




1550 
119-6 
2-471. 


square 
square 
acres. 


inches 
yards. 



Milliliter 



Measures of Volume. 
0-001 of a liter (1 cu. cm.) 0-0610 cubic inch. 



Centiliter 0-01 




i( it 


0-338 fluid ounce. 


Deciliter 01 




(( (( 


0-1056 quart. 


Liter 1 


cubic decimeter, 


61-0271 cubic inches. 


Dekaliter 10 


cubic decimeters. 


2-6417 gallons (U.S.) 


Hectoliter 100 




(( (( 


26-41 7 


Kiloliter (stere) 1000 




Masses. 


26417 


Milligram 0-001 


ms 


1 cu. mm. wattn-, 0*0154 ejrain Av. 


Centigram 0-0 1 


u 


10 " " 


01643 " 


Decigram 0-1 


^^ 


0-1 cu. cm. '• 


1-5432 grains " 


Gram 1 


ki 


1 cu. cm. " 


15-4323 " 


Dekagram 10 


(( 


10 " '' 


0-8527 ounce " 


Hectogram 100 


ti 


1 tTeci liter " 


3-5274 ounces " 


Kilogram 1000 


(( 


1 lit.>r 


2-2046 pounds " 


Myriagram 10000 
Quintal 100000 


n 


10 liters 


220462 


n 


1 hectoliter " 


220-4621 


Tonneau 1000000 


it 


1 cu. meter " 


2204-6212 
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(X)MPARISON OF CENTIGRADE AND FAHRENHEIT DEGREES. 



CeiU~ 
40 
39 


Fahr. 
—40-0 
38-2 


Cent. 

—6 

4 


Fahr. 
+ 230 
24-8 


Cent. 

+ 30 

31 


Fatir. 
+86-0 
87-8 


Cent. 

-f-66 

66 


Fahr. 
+ 149-0 
160-8 


38 


36-4 


3 


26-6 


82 


89-6 


67 


162-6 


^7 


34-6 


2 


28-4 


88 


91-4 


68 


164-4 


36 


32-8 


1 


30-2 


34 


93-2 


69 


166-2 


35 


310 





320 


86 


95-0 


70 


168-0 


34 


29-2 


+ 1 


33-8 


36 


96-8 


71 


159-8 


33 


27-4 


2 


35-6 


37 


98-6 


72 


161-6 


32 


25-6 


3 


37-4 


38 


100-4 


78 


163-4 


31 


23-8 


4 


39-2 


39 


102-2 


74 


166-2 


30 


220 


6 


31-0 


40 


1040 


76 


167-0 


29 


20-2 


6 


42-8 


41 


106-8 


76 


168-8 


28 


18-4 


7 


44-6 


42 


107-6 


77 


170-6 


27 


16-6 


8 


46-4 


43 


109-4 


78 


172-4 


26 


14-8 


9 


48-2 


44 


111-2 


79 


174-2 


26 


130 


10 


500 


46 


113-0 


80 


176-0 


24 


11-2 


11 


51-8 


^6 


114-8 


81 


177-8 


23 


9-4 


12 


63-6 


47 


116-6 


82 


179-6 


22 


7-6 


13 


55-4 


48 


118-4 


83 


181-4 


21 


5-8 


14 


57-2 


49 


120-2 


84 


188-2 


20 


40 


15 


59-0 


50 


1220 


86 


186-0 


19 


2-2 


16 


60-8 


61 


123-8 


86 


186-8 


18 


0-4 


17 


62-6 


62 


125-6 


87 


188-6 


17 


+1-4 


18 


64-4 


63 


127-4 


88 


190-4 


16 


3-2 


19 


66-2 


54 


129-2 


89 


192-2 


16 


50 


20 
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66 


1310 


90 


194-0 


14 


6-8 


21 


69-8 


56 


132-8 


91 


196-8 


13 


8-6 


22 


71-6 


67 


184-6 
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197-6 


12 


10-4 


23 


73-4 


68 


186-4 


98 


199-4 


11 


11^-2 


24 


75-2 


69 


188-2 


94 


201-2 


10 


140 


25 


77-0 


60 


140-0 


96 


2080 


9 


15-8 


26 


78-8 


61 


141-8 


96 


204-8 


8 


17-6 


27 


80-6 


62 


143-6 


97 


206-6 


7 


19-4 


28 


82-4 


63 


145-4 


98 


208-4 


6 


+21-2 


+29 


+84-2 


+64 


+147-2 


99 
+100 


210-2 
+2120 


+ 110 
120 


+230 

248 


+210 
220 


+410 
428 


+310 
320 


+690 
608 


+410 
420 


+ 770 
788 


130 


266 


230 


446 


330 


626 


480 


806 


140 


284 


240 


464 


340 


644 


440 


824 


150 


302 


250 


482 


350 


662. 


450 


842 


160 


320 


260 


500 


360 


680 


460 


860 


170 


338 


270 


518 


370 


698 


470 


878 


180 


356 


280 


536 


380 
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480 


896 


190 


374 


290 


654 


390 


734 


490 


914 


+290 


+ 392 


+300 


+572 


+400 


752 


+600 


+932 


-500 
600 


4932 
1112 


+800 +1472 
900 1652 


+ 1100 
1200 


+2012 
2192 


+1400 +2662 
1500 2782 


+ 700 


1 1292 


+1000 +1832 


+ 1300 +2372 


+1600 +2912 
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Lead. 
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di'lhlonic . 
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hydroftuorie 

hydiiodic . 
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pariodie . . . 
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phosphorio . . 
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gulph-antdmonic 
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salpbnrlo . 
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Acid hydrogen . 



Acid rails 47 

Aridity of bases ... 16 

Acids, basicity ot , . 4:: 

rlasBlBcailan of . 43 

defined 40 

tonnation at . .44 

D^Qg'of - - ■ « 

Bulphnr, etc. . . . 4S 
Action. cDeralcal, Iii- 

tenitityof V8 

AdbeEion ; 2 

^ther-energy .... 6 
Air, compostiiun of . 179 
Alrunit, relation ol, 

CoHunil 90 

Alblle W2 

Aldehydic acids of 

pbOBpbonu .... 1209 

AlkBlamide ra 

AUcitroplsm ..... 110 

Alum Ml 

Aluminates 201 

Alnmluum-broDKC . . 260 
AlumiDiun chluHde . !ieo 

fluoride 2S1 

hydiatea 281 

phoephate . . . . 2SI 

sUlcatea 283 

eulpbKle -Jei 

Alnnogen 281 

Amalgams 316 

Amblygonile 827 

Amlo aelda S2 

Amld-hvd™t« . . . . .W 
Amide defined .... SO 
Amine defined .... 50 

Ammonia lib 

critical temp, and 
prOBUre nl . . . 7 
Ammonia type . . . fiO 
Ammun las, derived . 50 

baies 3Tfi 

Ammoiilam 328 

amalgam 3^ 

aurale 307 

carbamate .... 329 
carbonate .... 339 

chloride 3'^ 

nitrate S-a 



Bnlpbate,IH8 1,1 

Amp$i«'H law , . . . 1" 
Auaaognes, atomic . . ! 

Anid^B 

Analytical leaMliMlB , '. 

Aneleslte -x 

Aimydrldea ..... 4 

Anhydrite OS 

Animal coal 'H 

Annaberglta 29 

AnUmonj' 21 

Antlmonic oxide and 

acid 21 

AnUmoDoua oxide 

and add 217 | 

Antimony aalpbides ■ 217 , 
Apatite. ... ■-" 

ApbUiitaUte . 

Aqna fortlg ivt 

Aqua rvgja 1S3 

AiBgonUe 32S 

Argand burner .... 244 

oxide and 

. . ... .214,215 

Aiseno-pyrlte .... 210 

Artlads! '. '. '. '20/^,38 

Aabollie 296 

AtmosiiherH ITS 

Atom defined . . . .2,14 
Atomic analogues . . T 

group, calcnl'n of S 
Seal 1 

27, si 

symbols . , . . 27, SI 
TUlenca, how Indl- 

Alomlclty of mole- 
cules ........ U 

Atoou OiuHined ... 14 
com biD'g power of, II 

exchange of . . , M 

InEmoleoule . . U 
In elemenlal mol- 

eciit^n la 
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INDEX. 



Atoms, multiplication 

of 28 

naming of .... 11 

valence of . 20, 21, 22 

variation in . 88 

Attraction, atomic . . 3 

mass 2 

molecular .... 2 

Aurates 307 

Auric chloride .... 306 

oxide 306 

Aurous chloride ... 306 

oxide 307 

Aurum musivum . . 267 
Avogadro's law * . . 12 
Azurite 302 

Barite 325 

Barium 325 

chlorate 325 

chloride 325 

di-oxide 325 

hydrate 325 

nitrate 325 

oxide . . . • ... 325 

sulphate 325 

sulphide . . . . .325 
Bases, acidity of . . . i6 

defined 40 

naming of .... 41 

ortho and meta . 45 

sulphur, etc. ... 49 

Basic hydrogen ... 45 

salts . 48 

Basicity of acids ... 45 

Beryllium 325 

aluminate ... 261 

Berthierite 218 

BerthoUet's laws . . 72, 73 
Bessemer process . . 288 
Binaries, formation 

of 36,36 

notation of ... . 34 

Binary molecules . . 32 

naming of .... 32 

terminations . 32, 33 

Bismite 218 

Bismuth 218 

Bismuthates 220 

Bismuth carbonate . 220 

nitrates 220 

oxides of 220 

phosphate .... 220 

sulphate 220 

sulphide 220 

Bismutnic acid ... 220 

Bismuth in ite .... 220 

Bismuthous chloride 219 

oxide and hydrate 220 

sulphide 220 

Bismuthyl chloride . 219 

Bismutite 218 

Blende 313 

Blue vitriol 301 

Boiling point .... 6 
Bonds . . . . . 28, 31, 35 

Boracite 257, 319 

Borax 259 



Boric acid 258 

oxide 258 

Bomite 299 

Boron 257 

Boulangerite 218 

Brass 300 

Brimstone, roll . . .151 
Britannia metal . . . 265 

Bromine 116 

acids of 148 

oxides of 148 

Bromyrite 302 

Brongniardite .... 218 

Bronze 265 

Brucite 319 

Brushite 324 

Bunsen burner . . . 244 

Cadmium 314 

Caesium 336 

salts of 336 

Calamine 313 

Calcite 323 

Calcium 321 

carbonate .... 323 

chloride 322 

hydrate 322 

oxide 322 

phosphate .... 324 

sulphate 323 

Calculations founded 

on mass 79 

of percentage . . 80 
from equations, 85, di& 

Calomel 316 

Candle-flame 246 

Carbon 224 

Carbonates 240 

Carbon di-oxide . . . 236 
di-sulphide . . . 248 
mon-oxide .... 241 
thermo-chemistry 

of 250 

Carbonic acid .... 240 

Carbonyl 241 

chloride 242 

Camallite 332 

Cassiterite 266 

Cast iron 286 

Celestite 324 

Cementation 288 

Cerargyrite 304 

Cerussite 267 

Cervantite 216 

Chalcocite 302 

Chalcopyrite 299 

Charcoal '226 

Chemical action, in- 
tensity of 78 

modes of 74 

Chemical changes . 4, 80 
change, condi- 
tions of .... 71 
mass in ... 80 
equations .... 69 

reactions 68 

relations of work 
and energy ... 75 



Chemical properties . 4 

Chemism 3 

Chemistry defined . . 5 
province of. ... 3 

thermo- 5 

Chloric acid 147 

Chlorine ....... 107 

acids of 145 

allotropism of . . 110 

oxides of 145 

sulphides .... 171 
tetr-oxide .... 146 
Chlorous oxide and 

acid 146 

Chloro-platinates . . 276 
Chrome-alum .... 281 
Chromic acid .... 280 

chloride 278 

hydrate 281 

oxide 280 

per-fluoride ... 279 

tri-oxide 279 

Chromite 278 

Chromites 280 

Chromjum 278 

sulphate 281 

Chromous chloride . 279 

oxide 281 

Chromyl chloride . . 281 

Chrysoberyl 259 

Cinnabar 317 

Classification of acids 43 

of atoms 20 

of molecules . . 31, 49 
of ternaries ... 39 
of ternary mole- 
cules united by 
nitrogen .... 49 
Clausius's hypothesis 61 

Clay 262 

Coal, animal 226 

mineral 226 

vegetable .... 226 

Coal-gas 233 

Cobalt 294 

Cobaltamines .... 295 

Cobaltite 295 

Cobalt chlorides . . .295 

oxides 295 

Cobaltous salts ... 295 

Cohesion 2 

Colcothar 291 

Combination by vol- 
ume 60-66 

Combining power of 

atoms 17 

modification in 

rule of 36 

Combustibles .... 243 

Combustion 242 

Comp. ammonias . 50, 51 
radicals . . . .37,38 
Construction of equa- 
tions 70 

Converter, Bessemer . 288 

Corundum 259 

Cotunnite 269 

Covellite 302 
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rel.DtI(isp.Kr. . 90 
periodioltj of . . SI 
rel. mo!, mass lo . 6G 
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UI-IiyiiniBi.-n il[-ca> 
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Direct union 42 

Dl-«iilpliuric add . . KiS 
Di-tHlODlo Held . . .iTO 

DolomlW 319 

Double UlU 4H 

DyadB. ternaries uii li- 
ed by m 

Dyscreslte 21C 

Eflbrvescence .... Til 

Efflaiewence Ut 

Elentricity U 

tJ^luctro-cbBmlcal se- 
ries 19 

Elemental grouplnp 23 
Blementa, periodic 

propcnies n(. , 23 
EmbolilB. . - ... .302 

Emplriviil lotmulikn . 48 
Emplectllc 220 

rhemluil relaliuiu 

d( 75 

I'herolcal . 09 



glmolt. linear 



Etcblng glosi . . . 
ElhJopi mineral . 

Etbylene 

crit. temp. o[ . 



soluble. . - 

' Gold 

chlorides . . 
flneneaor . 



Volla's 181 

Eichange of s-tomg In 
fotming blnBtks . . 

Fadont equal to prud- 



tualon 58 

Sraplilc symbola . . . 2S 
Qraphlle 225 



Ferric B*ild . - . 
chloride . . 
dl-Bulphld« 



anlpmte . . . 

sulphide . . . 
Ferroso-ferrtc oxldi 
FlowecH of gutphui 



Fluor BOW. . . ,119, S2l 1 

FonnaUonuf biDftries 33 I 

meU-u'lda . " ~ 

molecates , 



Fowler's solution . 
FranUlnlle .... 
Fusible metal , . . 

UpDWltX'S . . . .^9 



I Hydrocarbons .... 238 
: Hi'drobroiDi(> arid . . 120 
Bydrocblorlc arid . . 112 
: Hydrofliiorle acid . . 121 
Bydrlodlc aeid ... 121 
< Hydrogenlum .... 106 

Bydn«en 99 

acid ....... Id 

bmic *S 

molecule 12 

Hydrogen areculdo .211 
anllmonldc . . , 210 



Oahntte . 
Oalenlte . 
Gallium . 



sulphate 30 

Oalyauied lion . . . m 
Gas^carbon . . .... 22 

Osseous cbange, law 



chloride lia 



nitride 18fi 



idUdde 2iy2 



n 
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TNBEX, 



Hydroxide 41 j 

Hydroxyl 38, 143 , 

Hydroxylamine . . . 189 
Hypochlorous oxide 

aiid acid 145 

Hyponitrous oxide 

and acid 198 

Hypophosphorous ox- 

Hyposulphurous acid 157 

Ice, artificial . . 167, 188 
Illuminating gas . . .233 

Imides 51 

Indium 808 

chloride 309 

hydrate 309 

oxide 309 

sulphate 309 

sulphide . ... 309 
Intensity of chemical 

action 78 

Iodic acid 149 

Iodine 117 

oxides and. acids 

of 148 

Iridium 277 

Iron 284 

metallurgy of, 285, 286 
chlorides. . .289,290 
oxides .... 290, 292 

Jamesonite 218 

Kaolin 262 

Kelp 117 

Kobellite 220 

• 
Labradorite . . . 255, 262 

Lampblack 227 

Larderellite 257 

Laughing gas .... 199 

Law of Ampere ... 12 

Law of Avogadro . . 12 

combination by 

volume .... 60 

diffusion 58 

gaseous change . 72 

Gay-Lussac. ... 60 

Law, periodic .... 23 

thermo-chemical . 76 

Laws of BertihoUet . 71, 72 

Lead 207 

action of water 

on 268 

alloys of 269 

chlorides 269 

oxides 270 

Leaden-chamber proc- 
ess 162, 165 

Leblanc soda process, %\\ 
Lepidolite . . .255,327 

Leuco-pvrite 210 

Libethenite 302 

Light 6 

Lime 322 

Limnite 291 

Limouite 285 



Liquor fumans Liba- 

vii 265 

Litharge 271 

Lithium 327 

carbonate .... 327 

chloride 327 

hydroxide ... 327 

oxide 327 

phosphate .... 327 
sulphate 327 

Magnesia alba .... 321 
Magnesio-ferrite . . . 292 

Magnesite 321 

Magnesium 319 

aluminate .... 261 
carbonate .... 321 

chloride 320 

hydrate 320 

oxide 320 

suli)hate 320 

Magnetism 6 

Magnetite 291 

Malachite 302 

Malleable iron .... 289 

Manganese 281 

cnlorides 282 

di-oxide 284 

Manganic acid .... 283 

oxide 283 

tri-oxide 282 

Manganite 284 

Manganous carbonate, 284 

oxide 284 

silicate 284 

sulphate 284 

Marcaslte 293 

Marsh-^ 228 

critical temp, and 
pressure of . . . 7 

Marsh's test 212 

Mass, atomic . . . . 14, 57 
how fixed . . 14,15, 17 
relation of densi- 
ty to 56 

relation of diflPu- 

sion to 58 

calcula'n founded 

on 79 

concerned in 

chem. changes . 80 
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